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Sources. Often found native, more frequently as sulphide, either 
alone, m tlie form of cinnabar, or mixed with Idiialme, in Quicksilver 
Liver-ore and Brand-ore, and also m some vaneties of Fakl-ore, very larely 
as selenide of mercury, combined with sulphide of meicury, selemde of 
zinc, or selenide of lead, as iodide and chloride of mercury, and likewise 
combined with silver, m native Amalgam Common salt appears also to 
contain traces of rnercuiy, inasmuch as (according to Rouelle, J de Medec. 
48, 299, Proust, Scker. J \ 4, 190, Westrumb, hi phys chem Abhandl. 
4, 1, 423, andWurtzer, Schw 37, 83), when it is distilled with oil of 
vitriol, corrosive sublimate sometimes passes over together with the hydro¬ 
chloric acid, the mercury may, however, have been contained m the oil of 
vitriol. 

Preparation . By distilling mercurial ores in contact with lime, 
smithy-scales, or common air, so as to remove the sulphur by formation 
of sulphide of calcium, sulphide of iron, or sulphurous acid, partly also to 
remove chlorine. In the Bavarian Rhempfalz, a mixture of ore and lime 
is heated to redness m long cast-iron bottles, placed m nearly horizontal 
rows one above the other, m a long furnace, and provided with receiveis. 
At Horowitz, in Bohemia, a mixture of ore and smithy-scales is placed m 
iron dishes, which are attached one above the other by the centres of their 
bases to a vertical iron axis, and covered over with an iron receiver, closed 
at top, and dipping into water at bottom. The upper part of the 
receiver is surrounded by the furnace, and imparts its heat to the dishes, 
from which the mercury rises m vapour, and collects in the water con¬ 
tained m the trough. This process is called Distillatio per descensum. At 
Idria in Illyria, the quicksilver-ore, coarsely broken up, is laid upon a 
perforated stone arch in a turret-shaped furnace, and, after the apertures 
by which it is introduced have been stopped, heated to redness by flames 
made to play against the under surface of the arch The sulphur is 
burnt by the air, which is admitted through channels constructed for the 
purpose; and the mixture of mercurial vapour, sulphurous acid, and smoke 
from the furnace, is made to pass through a horizontal channel constructed 
in the upper part of the furnace, then up and down through seven con¬ 
densing chambers and finally through a turret-shaped chamber into the air. 
In the course of this long transit, the mercuiy condenses in the chambers* 
the floor of which, being inclined to one side, enables it to run out, it is 
then collected, and strained through coarse cloth. A similar process is 
followed at Almaden in Spain, excepting that the vapours, instead of 
passing through condensing chambers, are made to traverse a senes of 
tubes made up of cylinders, called Aludels , open at both ends, and fitting 
one into the other. These are laid upon a surface, called the Aludel-hath y 
first descending a little, and then ascending, and finally open mto the 
chimney—Mercury is sent into the market, sometimes m leathern hags, 
and sometimes in wrought-iron bottles, which are afterwards used in 
chemical laboratories for the preparation of potassium. 

Purification from foreign metals 1 . The mercury is distilled, either 
alone, or, better, under a thick layer of iron filings, in glass, earthen, or 
other retorts. A portion of the foreign metals is very apt to pass over 
with the mercury, either in the form of vapour or by spirting during the 
ebullition. The latter of these accidents is prevented by a coating of 
iron-filings.—2. By distilling the mercury with one-tenth of its weight of 
cinnabar, the sulphur of which retains the foreign metals (Dorfurt.) 
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8. By distilling cinnabar prepared by sublimation (or corrosive sublimate) 
with one part of lime or iron-filings. This method yields the purest mercury, 
because, m the preparation of the cinnabar, the sulphides of the foreign 
metals lemain unsublimed —4 By distilling red oxide of mercury. The 
metal thus obtained is covered with a film of reproduced oxide, and 
appears dingy and sluggish of motion From these defects it may be 
freed by agitation with dilute mtnc acid, or with warm dilute sulphuric 
acid (Mohr, Ann. Pharm 25,222 )—5 By boiling a solution of coirosive 
sublimate m a clean iron vessel. (Voigtel)—6* By boiling the impure 
mercury for some hours with -fj of its weight of meicurous nitrate dis¬ 
solved in water, oi with a small quantity of veiy dilute nitric acid. 
[According to Wittstem (Reperi 65, 362) the boiling with solution ot coirosi\e subli¬ 
mate, as above mentioned is disadvantageous, because it occasions the formation of 
calomel ] Or by agitating the mercury for some days with sulphuric acid— 
which must be stronger, as the mercury is more impure—till the acid no 
longer becomes tuibid, or takes up any foreign substance. ^Branchi, 
Pepert 6, 77 )—^ 7. Ulex agitates 2 pounds of mercuiy with half an 
ounce of solution of sesquiclilonde of iron, having a specific gravity of 1 48. 
The mercury is thereby reduced to a state of veiy fine division, and the 
action on the foreign metals is accelerated by the formation of chloride of 
mercury, which collects between the drops. It is sufficient to agitate the 
mercuiy with the iron solution for ten minutes, and then wash it with 
water. The mercury, after drying, is easily reunited by the application 
of a gentle heat {Ann, Pharm 6(f 210 )*T—Pure mercuiy should leave 
no residue when dissolved m nitric acid, evaporated, and ignited, or when 
fused with sulphur and sublimed m a glass flask When made to run 
down a gently-mclmed surface, it should retain its round form, and not 
leave a tad; and when agitated in a bottle with dry air, it should not 
yield any black powder. 

Properties. Mercury freezes, according to Hutchins, at — 39 44°, 
undergoing considerable contraction, and forming a tin-white, ductile 
mass, crystallized iu octohedrons and needles, capable of being cut with a 
knife, and exhibiting a granular fracture At ordinary temperatures, 
it forms a very coherent but very mobile liquid, which adheres but 
slightly to glass, and has a density of 13 5592 (Karsteu), 13*5886 at 4°, 
and 13 535 at 26° (Kupfier), 13 568 (Cavendish and Bnsson\ 13*575 
(Fahrenheit), 13 613 at 1CU (Biddle), 13 595 at 4 J (Kopp), 13 596 (Reg- 
nault). Mercury remains unaltered when agitated for any length of 
time with oxygen gas, common air, hydrogen, nitrogen, nitrous oxide, 
nitric oxide, carbonic acid gas, or alcohol, but any foreign metals that 
may be mixed with it, become oxidized by agitation m air or oxygen gas, 
producing a grey pulverulent mixture of the oxides of the foreign metals 
and finely divided metallic mercury On the other hand, by agitation 
with water, ether, or oil of turpentine, or by trituration with sulphur, 
sulphide of antimony, sugar, giease, &c. even in vacuo, mercury is con¬ 
verted into a grey powder, JEt/uops pei se. consisting of small globules of 
the metal, which are separated by interposition of foreign matter, but 
run together again on its removal. Extinction , Deadening of Mercury 
(Brugnatelh, Proust, A . Gehl . 6, 394; A Yogel, Ann Glum 58, 171; 
74, 220; further, Schw 4, 393, Roux, J Pharm 11, 215.) In well 
prepared grey mercurial ointment, the mercury forms nearly uniform 
globules having a diameter between and xiroo a aT1( l dis¬ 
tinguishable by the naked eye. (Ehrenberg, Pogg . 24, 40 ) The deadening 
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of quicksilver was formerly attributed to oxidation IF According to 
Barensprung (J pr Ghem 50, 21), some, at least, of tlie mercury in grey 
mercurial ointment is m the state of black oxide (the quantity being 
greater, the older the ointment), and this oxide, after the fat has been 
extracted by ether, may be dissolved out by water slightly acidulated 
with sulphuric acid. IT Mercury boils, accoulmg to Crichton, at 346 J , 
according to Dalton, at 349°; according to Heinrich, at 356% according 
to Dulong & Petit, at 360°, and is thereby converted into a colouiless 
vapour. Vapour rises, however, from mercury, even between 4- 15 5° 
and 27° (but not at — 6 7"), both in vacuo and m spaces filled with air, 
as shown by the silvering of gold-leaf, kept for two months m a vessel 
over mercury. (Faraday, Schw. 32, 482, and Fogg. 9, 7°.) IF According 
to Karsten (Fogg. 71, 245), mercury at temperatures below 0°, gives off 
sufficient vapour to bring out the image on a Daguerreotype plate held 
over it. Brame (Instit. 1849, 403) finds that sulphur m the very finely 
divided, utricular condition (utncules de soufre) in which it is first preci¬ 
pitated from the state of vapour, is a much moie delicate test for the 
presence of mercurial vapoui than gold-leaf By means of this test he finds 
that at 12°, the vapour of mercury rises to a height of more than a metre, 
that even at 8°, it appears to have no limited atmosphere, that it rises, at 
ordinary temperatures, fiom amalgams and mercurial ointment; that in 
presence of air and sulphur-vapour, it diffuses, accoidmg to the same law 
as other gases, but that m presence of air and iodine-\apour, and of the 
vapour of iodide of mercury thereby produced, the law of diffusion appears 
to be different. IT The following observation appears likewise to be 
connected with this subject. Some mercury, forming part of the cargo 
of a ship on the Spanish coast, ran out of the bags, which had become 
rotten, and found its way into the hold, wheie it mixed with the bilge- 
water. An elastic fluid was in consequence evolved, which covered every 
piece of metal in the vessel with a coating of quicksilver, and affected 
the whole ship’s company with violent symptoms of salivation. (Burnett, 
PM. Tram. 1823, 402, abstr. Glib 40, 347.) 


Compounds of Mercm y 

All compounds of mercury are either volatilized or decomposed by 
heat, and yield metallic mercury when distilled with carbonate of soda. 
The mixture should be slightly moistened, otherwise a portion of chloride 
or bromide of mercury may sublime undecomposed. 

Atomic weight of mercury: 101 2658 (Berzelius), 100*04 = 100 
(Erdmann & Marchand, J pr. Ghem. 31, 392). 

According to Wiggers (Fogg. 41, 440), mercury is slightly soluble in 
boiling water. When 20 ounces of water are poured upon 2 ounces of 
mercury, and boiled down to 10 ounces, the decanted liquid shows no 
particular reaction. with sulphuretted hydrogen or protochlonde of tin 
but on mixing it with 10 drops of nitric acid, and evaporating, the residue 
exhibits a slight brown tint when treated with sulphuretted hydrogen. 
Anthon also (J. pr . Ghem. 15, 153) found that water boiled with mercury 
for Id hours, and then decanted, was capable of silvering gold-leaf, and 
alter evaporation with nitric acid, gave the characteristic reactions with 
sulphuretted^ hydrogen and protochlonde of tin. Paton and Favrot 
(J. Uum. med. 14, 306), in repeating the experiment of Wiggers with 
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distilled water and with river-water, did not discover mercury in the 
water after evaporation with nitric acid Girardm also (J Chim med 9, 
283), found no mercury in water which had been boiled with that metal; 
he did not, however, nnx it with nitric acid before evaporation When 
water is poured upon mercury, boiled down to one-half, decanted, then 
left to stand for several days, again decanted, and thrown upon a thick 
paper filter, small quantities of mercury, sufficient to silver gold leaf, 
remain on the filter, but the filtiate, when mixed with nitric acid and 
e\apoiated, shows no tiace of mercury. Perhaps the quantity used m 
the experiment ’was too small, but, at all events, the expeimient shows 
that the mere decantation adopted by Wiggers is not sufficient to sepa¬ 
rate the water from the mercuiy mechanically mixed with it; to decide 
the question completely, experiments should be made with larger quan¬ 
tities of water. (Gm ) 


Mercury and Oxygen 
A Mercurous Oxide. Hg 2 0. 

Di-oxide of Mercury, Sub-oxide of Mercury , Black Oxide of Mercit) y, 
Queclsilberoxydid, Schwarzes Quecksilberoxyd , Protoxide de Mercure , 
Oxyde meicureux 

Tins oxide is formed, in combination with acids, by the action of nitric 
or sulphuric acid, not very strongly heated, on excess of mercury, also 
by heating dissolved mercuric salts with metallic meicury 

Preparation By decomposing a mercurous salt or the dichloride of 
mercury with an aqueous fixed alkali in excess, the sepaiated meicurous 
oxide must be washed and dried in the dark. Donovan diffuses finely 
pounded dichloride of mercury in water, treats it at once with excess of 
potash, and then washes and dries the product The meicurous oxide 
thus obtained, yields but few globules of meicury on trituration If too 
little potash he added in the first instance, there is formed, according to 
Donovan, a basic hydrochlorate of mercurous oxide, which abstracts 
oxygen from the separated oxide, and is itself converted into basic hydro- 
chlorate of mercuric oxide, so that a further addition of potash produces 
a mixture of dioxide, protoxide, and metallic mercury. Duflos (W. Br . 
Arch. 23, 310) adds 1 part of caustic potash-ley to 12 parts of absolute 
alcohol—decants the liquid from the resulting precipitate—mixes -EE of it 
with a solution of mercurous nitrate (stirring constantly), till the liquid 
slightly reddens litmus—then adds the remaining ~—leaves the precipi¬ 
tate to subside—decants—washes it with water—and dries it at a gentle 
heat in the dark The mercurous oxide thus obtained is black, with a 
tinge of yellowish brown, gives up nothing to dilute hydrochloric acid, 
hut dissolves completely in strong acetic acid. According to Guibourt 
(Ann. Chim Phys 1 , 422), it is impossible to obtain this oxide pure, 
because, during washing, even in the dark, it is resolved into a mixture of 
the protoxide with metallic mercury. The product formed by triturating 
the protoxide with mercury is merely a mixture. 

Properties. Brown-black powder, destitute of taste and smell. 
Specific gravity of that obtained from calomel by the action of caustic 
potash, 8*9503 (Karsten), 10 69 (Herapath). 
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Fourcroy & 

Sefstrom. Thenard Donovan. Guibourt. 
2Hg . 200 96 15 96 2 96 16 96 04 95 69 

O 8 3 85 3 8 3 84 3 96 4 31 

Hg 2 0 208 100 00 100 0 100 00 100~00 100 00 

Zaboada. Braamcamp & Siquena Oliva Ckenevix 

Hg 95 92 5 89 3 

O 5 7 5 10 7 

* — 100 0 100 0 ~ 

(Hg 2 0 = 2 1265 823 + 100 = 2631*646. Berzelius.) 

Decompositions Light, even diffused daylight, or a gentle heat, 
resolves the dioxide of mercury into metallic mercury and the protoxide, 
(at 10(L according to Donovan; according to A Vogel, however, Ann. 
Chim . 84. 221, the decomposition does not take place at that tempera¬ 
ture). At a reel heat, it is resolved into mercury and oxygen gas By 
aqueous phosphorous acid, it is converted into mercury and phosphoric 
acid. (Biaamcamp & Siqueiia Oliva.) By potassium and sodium, at 
about the melting points of those metals, it is decomposed, with vivid 
ignition and slight detonation, yielding metallic mercuiy and an alkali. 
(Gay-Lus c ac k. Thenaid ) Detonates when struck with phosphorus — 
It is slowly decomposed by pliosphuretted hydrogen gas. (Giaham )— 
Boiled with aqueous iodide of potassium, it yields metallic mercuiy and 
protiodide of mercury and potassium, if the mercurous oxide is in excess, 
dmiodide of mercury is loimed at the same time (Berthemot, J. Phcmn 
14, 189.) A concentrated solution of sal ammoniac decomposes it m a 
similar manner, ammonia being evolved, and mercury and hydrochlorate 
of meicurie oxide separated (Pageustecher, Repert. 27, 27, L. Thompson, 
Phil. Mag J. 10, 179 )—Carbonate of ammonia likewise decomposes 
mercurous oxide into mercuric oxide which dissolves, and metallic mei- 
cury which remains behind (Wittstem ) 

Combinations With acids, foimmg the Salts of Mercurous Oxide, 
or Mercurous Salts. —These salts are obtained, either by dibsoh mg 
mercury m excess m certain oxidizing acids, such as nitnc or sulphuric 
acid, or by dissolving mercurous oxide m acids, oi by double decomposi¬ 
tion —The basic salts aie mostly yellow, the normal salts white, most of 
them are soluble in water, redden litmus, and have a metallic taste, their 
action on the human body is not very violent. Some of ihe normal salts 
axe resolved by water into add salts which dissolve, and basic salts which 
remain undissolved. 

Mercurous salts are decomposed, with precipitation of metallic mer¬ 
cury, by the following substances — By charcoal. This substance, when 
immersed in a solution of mercuious nitrate, becomes coveied, m the 
course of two days, with globules of mercury. (Boeck )— By phosphorus . 
Phosphorus immersed in mercurous nitrate, soon becomes covered with 
mercury.^ (Boeek, Fischer.)— By phosphoi ous and hypopkosphorous acids . 
These acids, added to mercurous salts, throw down finely-divided mercury. 
(Braamcamp Siqueira Oliva.) Characteis traced on paper with the 
mercurous solution, assume a metallic aspect when the paper is kept in a 
bottle containing phosphorus. (Grotthuss.)— By sulphurous acid. This 
acid, added to a solution of mercurous nitrate, immediately throws down 
metallic mercury as a blackish-grey powder, but even when the sulphur¬ 
ous acid is in excess, a portion of the mercury remains in solution for 
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several days, and is precipitated by boiling (A. Yogel )— By zinc , cad¬ 
mium, iron , tm, lead, bismuth , copper, antimony, and arsenic Zinc, 
cadmium, lead, copper, and bismuth, immersed in solution of mercurous 
nitrate, tlnow down the whole of the meicury in 24 hours, the other 
metals leave a portion of the mercury m solution. Iron exerts no action, 
[because it becomes passive] Sometimes a white or yellow precipitate 
is formed at the same time, this precipitate, m the case of zinc, cadmium, 
and copper, consists of basic mercurous nitrate, with bismuth, of mono¬ 
basic bismuth-nitrate, with lead, of basic mercuious nitrate and lead- 
nitrate together Tin becomes covered with a brown, and antimony 
with a yellowish brown powder, which continually deepens in colour, 
and, after a few days, is resolved into globules of mercury. (Fischer, 
Pogg 9, 258 ) Mercury is likewise reduced from mercurous salts by 
brass, and by the alloys of silver with zinc, tm, lead, and copper,—by the 
latter, even when it contains 3 parts of silver to one of copper (Fischer, 
Pogg. 12, 504.)—Iron and arsenic also decompose mercurous salts at 
ordinary temperatuies. (Orfila, J. Chem. med. 6, 321.)—Iron produces 
no precipitate in a very concentrated solution of meicurous nitrate, 
because it becomes passive, but from a dilute solution of that salt, and 
likewise from the acetate, it readily throws down metallic mercury. (Gm ) 
—Copper immersed in the mercurous solution, becomes covered with a 
grey film, which assumes a silver-white aspect on being rubbed between 
paper.— By piotochloiide of tin. This reagent precipitates dichlonde of 
mercaiy, which is immediately converted into metallic mercuiy (Sou- 
beiran.)— By green vitriol (Keir, Schw. 53, 166, Orfila) This salt, 
added to mercurous nitrate, thrown down a white powder consisting of 
mercurous sulphate, which soon turns grey and is converted into globules 
of mercury. (Gm.)— By certain organic compounds . Sugar, boiled with 
mercurous acetate, throws down metallic mercury, together with a small 
quantity of dioxide. (A. Yogel) Oil of turpentine reduces mercury 
from mercurous salts. (Orfila )—Hydrocyanic acid, added to mercurous 
salts, throws down half the mercury and forms cyanide of mercury*— 

Hg=0 t HCy = Hg + HgCy + HO. 

Hydrosulphnric acid and alkaline hydrosulphates yield, with mer¬ 
curous salts, a black precipitate of disulphide of mercury. The precipi¬ 
tate is black, even when the quantity of the reagent is insufficient for 
complete precipitation. It is insoluble m excess of ammonia or hydro¬ 
sulphate of ammonia. (H Rose, Analyt. Chemie) Not a trace is dis¬ 
solved, even with the aid of heat, but if the hydrosulphate of ammonia 
contains excess of sulphur, the black precipitate is converted into proto¬ 
sulphide (Gm ) It dissolves m excess of the alkaline hydrosulphate, 
with separation of metallic mercury (?). (Mialhe, N. Ann Ghim Phys. 
5, 170.) Dissolves m caustic potash, with separation of metallic mer¬ 
cury, acids added to the filtrate throw down protosulphide of mercury. 
(H. Rose ) Absolute alcohol, united with 6 volumes of sulphuretted 
hydrogen, has no action on dry mercurous salts. (Parnell.)—Free tri- 
tbiomc acid forms a black precipitate with mercurous salts (Langlois); 
tetiathionic and pentathiomc acids give yellow precipitates, which 
blacken on boiling. (Kessler.) — Alkaline hyposulphites throw down 
sulphide of mercury, sulphuric acid remaining in the liquid. (H. Rose, 
Pogg . 33, 241.)—Hydnodic acid and iodide of potassium throw down 
green dmiodide of mercury:— 

Hg 2 0> NO 5 + KI = Hg 2 ! + KO, NO 5 . 
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The precipitate is soluble in excess of iodide of potassium.—-Hydro- 
bromic acid and bromide of potassium give white precipitates with mer¬ 
curous salts.—Hydrochloric acid and soluble metallic chlorides added to 
these salts, throw down dicliloride of meicury. If the solution is some¬ 
what concentrated, the precipitate is curdy, m dilute solutions, it takes 
the form of a fine powder; and in case of great dilutions, only an opales¬ 
cence is produced, this last effect is visible even to the 80,000th degree 
of dilution (Pfaff.) The precipitate is scarcely soluble in excess of the 
reagent, it turns black when treated with potash or ammonia 

Caustic alkalis added to mercurous salts, yield a black precipitate of 
mercurous oxide. When ammonia is used, the precipitate generally 
contains more or less of the newly formed salt — IT According to Lefort, 
(JV. J. Pkarm. 8, 5), the precipitate formed by caustic alkalis in mer¬ 
curous salts, always amalgamates gold-leaf, and must therefore be 
regarded as a mixture of meicurie oxide with metallic mercury.— IT 
Monocarbonate of potash forms a yellow, and bicarbonate of potash a 
white precipitate, of mercuious carbonate, which is slightly soluble in 
excess of the alkaline carbonate, and when boiled, gives off caibonic acid 
and turns black.—Yery small quantities of carbonate of ammonia form a 
grey, and larger quantities a black precipitate The carbonates of baryta, 
strontia, lime, and magnesia, precipitate mercurous salts, even m the cold. 
(Demargay )—Phosphate of soda forms a white precipitate of mercurous 
phosphate, according to Pfaff, to the 10,000th degree of dilution.— 
Alkaline chromates yield a bright brick-red precipitate of mercurous 
chromate. 

Oxalic acid forms a white precipitate of mercurous oxalate. So like¬ 
wise do alkaline oxalates, up to the 10,000tli degree of dilution (Pfaff.)— 
Ferrocyanide of potassium produces a thick white precipitate, and ferri- 
cyanide of potassium a red-brown precipitate, which turns white after 
standing for some time. — Tincture of galls yields a brownish yellow 
precipitate with mercurous salts.—Most mercurous salts, which are inso¬ 
luble of water, dissolve in nitric acid. 

B Mercuric Oxide. HgO. 

Protoxide of Mercury y Red oxide of Mercury , Quecksilberoxyd , Rothes 
Quecksilberoxyd , Deutoxyde de Mercure, Oxyde mercurique. 

Formation . 1 . Mercury heated to the boiling point for a considerable 

time in contact with the air, is converted, without visible combustion, into 
mercuric oxide.—When the two poles of Hare’s deflagrator are made to 
dip into two vessels full of mercury, and the mercury allowed to run in a 
fine stream through a narrow opening from the upper to the lower vessel, 
visible combustion takes place, according to Hare. The blue light which 
is sefen whenever the circuit of a powerful galvanic batteiy is closed by 
dipping the connecting wire into mercury, is likewise due to combustion of 
the mercury.-—2. This oxide is also formed when the metal is heated with 
excess of nitric or sulphuric acid. 

# Preparation. 1 . By keeping mercury for a month or longer at a 
boiling heat in a flask filled with air, and having a long loosely-fitting tube 
adapted to its mouth: Mercurius prcecipitatusper se.—2 By exposing the 
nitrate of mercuric or mercurous oxide to a high and gradually increasing 
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temperature in a crucible, or, better, in a glass vessel surrounded with sand 
as long as nitrons acid is evolved. To save nitric acid, the oxide, moistened 
with water, may be previously triturated with an equal weight of mercury, 
till the latter is completely deadened * Mercurius prcecipitatus ruber. Care 
must be taken not to raise the temperature too high. The oxide prepared 
by this process on the small scale is a dull powder, in commerce, it occurs 
in shining crystalline grains. According to Gay-Lussac, the small unpul¬ 
verized crystals of mercurous nitrate yield the second form of the oxide, 
but the pulverized salt yields the first form. The more perfect crystalli¬ 
zation of the oxide prepared on the large scale is undoubtedly due to the 
slow r er rate at which the heat increases. According to Winckler (Repert. 
31,475) the commercial oxide likewise contains 2 per cent, of nitre, which 
probably exerts some influence also, it does not, however, appear to be 
essential, since the oxide prepared by (1) likewise takes the form of crys¬ 
talline giains —3. By piecipitating a dissolved mercuric salt with excess 
of potash, and washing the precipitate. 

Impurities. 1. Basic nitrate of mercuric oxide , when the salt bas not 
been sufficiently heated The oxide containing this salt gives off nitrous 
vapours when gently heated in a retort. It may be purified in this manner, 
or by boiling with dilute potash-ley, or by washing with water —2 Nitre. 
May be completely removed by boiling water. (Winckler )—3. Minium . 
Remains In the form of fused piotoxideof lead, when the mercuric oxide is 
strongly heated in a glass tube, or m the form of peroxide of lead, when the 
mercuric oxide is dissolved in nitric acid — 4 Bncl-dust . Remains be¬ 
hind, when the oxide is ignited or dissolved m nitric acid.— 5 Cinnabar. 
Remains, when the oxide is dissolved in hydrochloric acid. 

Properties Specific gravity: 11 000 (Pol. Roullay), 11 074 (Hera- 
path), 11 1909 (Karsten), 11 29 at 4° in vacuo (Royer & Dumas), 11 136 
(Playfair & Joule). Crystallizes in obtuse rhombohedrons. Such at least 
was the form in which it was found in a glass containing Aqua phaga - 
dcenica (a mixture of lime-water and protochloride of mercury). (Saladin, 
J Qlnm. med 7,530). It is generally crystallo-granular and scaly, shining, 
and of a bright brick-red colour, by pulverization it acquires an orange 
yellow colour, lighter as the powder is finer. When prepared on the small 
scale, it is a dull, flocculent, earthy mass or powder, of a brownish brick- 
red colour When obtained by precipitating a mercuric salt with an 
alkali, it forms a light orange-yellow powder —When heated, it becomes 
vermilion-red, and afterwards violet-black, but recovers its original colour 
on cooling. Has a repulsive metallic taste, and is a violent acrid poison. 

Pelouze ( Compt . rend 16, 50) supposes that ordinary ciystallo-granular 
mercuric oxide differs from that precipitated by potash (3) in this respect, 
that the former is crystalline, the latter amorphous. To this he attributes 
the difference in their chemical properties. When equal quantities of 
these two oxides are ignited in the same muffle, the amorphous oxide f ola- 
tilizes completely m a time in which the decomposition of the crystalline 
oxide Is scarcely begun. Dry chlorine gas acts very slowly at ordinary 
temperatures on the crystalline oxide (hypochlorous acid being produced), 
and not much more quickly when the oxide Is pulverized; but on the 
precipitated oxide (3) it acts with such violence that the substance 
becomes red-hot; even when the oxide (3) has been previously heated to 
a tempeiature between 300° and 400 D , it acts on dry chlorine in the 
course of a few minutes. (Pelouze).—This view is contradicted by the 
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following experiments of Gay-Lussac. (Compt. rend. 16, 309) When 
equal quantities of the oxide (1) piepared by boiling mercury in contact 
with air, and of that precipitated by potash (3) are gradually heated in 
two glass tubes immersed together in a fused metallic alloy—then cooled 
—then heated again, and so on,—both oxides begin to give off oxygen at 
the same temperature, and both cease to evolve it at the same degree m 
cooling. It is true that (3) gives off rather more oxygen m the same 
time, but if (1) is previously pounded, the difference is but slight —Dry 
chlorine gas produces much less hypochlorous acid with (1) than with 
(3), but the diffeience is to be attributed to the much smaller surface 
which (1) presents, that surface quickly becoming covered with chloride 
of mercury, the slowness of the action also precludes the rise of tempe¬ 
rature by w T hich the decomposition is accelerated m the case of (3). 
Under water, the two oxides are acted upon by chlorine in the same 
manner, because the chloride of mercury then dissolves as it foims. 
Hence it may mfeired that the oxide (3) is not amorphous, but in a 
finely divided crystalline state. 
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Decompositions. Mercuric oxide gradually turns black when exposed 
to sunshine, being superficially decomposed into oxygen and metallic 
mercury, according to Guibourt, or, according to Donovan, into oxygen 
and mercurous oxide. At a red beat, it volatilizes completely, being 
resolved mto oxygen gas and vapour of mercury Part of tbe mercurial 
vapour again takes up oxygen, and the oxide thus formed collects on tbe 
surface of the mercury which passes over, and diminishes its fluidity. 
With phosphorus, mercuric oxide detonates under the hammer. Boiled 
with phosphorus and water, it yields phosphide of mercury and aqueous 
phosphoric acid (Pelletier), at ordinary temperatures, the same mixture 
yields fluid mercury and phosphoric oxide, no phosphoric or phosphorous 
acid dissolving in the water. (Braamcamja &. Siqueira.) A phosphate is 
likewise formed at the same time (Gm.) Aqueous phosphorous acid 
forms mercury and aqueous phosphoric acid. (Braamcamp k Siqueira.) 
Mercuric oxide mixed with sulphur, and heated m a retort, produces a 
tremendous explosion. (Proust, Gilb . 25, 175 ) Concentrated sulphurous 
acid boiled with this oxide, immediately converts it into fluid mercury, 
with formation of sulphuric acid At ordinary temperatures, smaller 
quantities of sulphurous acid produce a rise of temperature amounting to 
7*5°, and form a white powder, consisting of mercurous sulphate, part of 
which dissolves in the liquid. An excess of sulphurous acid turns this 
powder grey, and reduces it very slowly, but completely, to metallic mer¬ 
cury. So long as this change remains incomplete, the liquid still retains 
mercury, but is not rendered turbid by addition of common salt; never¬ 
theless, it gives a precipitate with hydrosulphate of ammonia, and after 
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long standing, or immediately on boiling, deposits metallic mercury m 
the form of a grey powder, the precipitation of the mercury is complete, 
provided the quantity of sulphurous acid is not too small. (A. Vogel, 
J. pr . Ghent 29, 273 ) Potasbium or sodium heated to the melting point, 
decomposes meicurie oxide with vivid combustion and slight detonation, 
yielding metallic mercury and alkali (Gay-Lussac & Thenaid ) Zinc 
and tin filings, and pulverized antimony, heated with mercuric oxide, 
likewise occasion fiery decomposition Solution of protochloride of tin 
poured upon mercuric oxide reduces it to the metallic state, and is itself 
converted into bichlonde, part of which is precipitated in the form of a 
basic salt, the action being attended with a rise of temperatuie amounting 
to 60' (A Vogel, Kastn. Arch 23, SO ) Hydrated ferrous oxide con¬ 
vex ts mercuric into mercurous oxide; so likewise do ferrous salts (Duflos, 
Sclav 65, 115 ) Heated solution of sugar reduces mercuric to mercurous 
oxide. (A. Vogel) Chlorine gas decomposes mercuric oxide at a red 
heat, the products being oxygen gas and protochloride of mercury, at 
lower temperatuies, hypochlorous acid and protochloride of mercury are 
formed The latter sometimes combines with the excess of oxide, forming 
mexcuric oxychlonde When dry chlorine gas is passed over the precipi¬ 
tated oxide (3), the heat rises to redness, and oxygen gas is evolved 
(Pelouze), but if the oxide is surrounded with a freezing mixture (Pelouze) 
or mixed with a large quantity of sand or sulphate of potash, to prevent 
the temperatuie from using too high, hypochlorous acid is obtained This 
acid is likewise produced by the action of chlorine on the precipitated 
oxide (3), previously heated to between 300' and 400', or upon the oxide 
(l) or (2), because in either of these cases the action is slower Hypo¬ 
chlorous acid is also formed when chlorine gas is passed through water in 
which mercuric oxide is diffused (Yid II 294, 295 ) At the boiling 
heat, according to Braamcamp & Siqueira, a solution of protochloride of 
mercury and mercuric ehloiate is produced. 

Combinations . a. With Water— IT. a. Hydrated Mercuric Oxide. 
—According to Schaffner ( Ann Pharm . 51, 181), the yellow precipitate 
formed by potash m solutions of mercuric salts is a hydrate containing 
3 atoms of water. 
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HgO 
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3HO 
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6 Aqueous Mercuric Oxide —Mercunc oxide is slightly soluble in 
water (Thomson), the solution tastes strongly metallic, turns violet-juice 
green, becomes covered, when exposed to the air, with shining films of 
metallic mercury, is turned brown by liydrosulphuric acid (Guibourt); 
and exhibits a milky turbidity when mixed with slightly diluted ammo¬ 
nia, which forms a less soluble compound with mercunc oxide (Guibourt, 
Donovan ) This somewhat contested solubility of mercuric oxide in 
water is established by the following observations —The oxide (2) 
obtained by the use of nitric acid, and the piecipitated oxide (3) dissolve 
sparingly m cold, somewhat more abundantly in hot water. (Anthon, 
Repert. 58, 305.) When the oxide (2) piepared with nitric acid is used, 
—having first been completely freed from nitric acid, either by exposure 
to a degree of heat sufficient to resolve a considerable quantity of the 
oxide into mercury and oxygen, or by long boiling with caustic potash— 
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the water still continues to take up the oxide, even after the boiling has 
been repeated twenty times. (Marchand, Fogg. 42, 459.) But even the 
oxide prepared by (1), the solubility of which cannot well be due to the 
presence of an acid, yields with water at 10°, a liquid which turns violet- 
juice green, but does not give a brown colour with hychosulphate of 
ammonia; the solution obtained with boiling water turns reddened litmus 
tincture blue, and becomes brown when treated with hydrosulphate of 
ammonia. (Boudet, / Fliarm. 24, 253, also J. pr Chem. 14, 248.) The 
same result was obtained by Gossman, ( Repert . 61, 312, before Boudet), 
and by Marchand, (J. p?\ Chem 16, 372) 

b. With Acids, forming the Salts of Mercuric Oxide, or Mercuric 
Salts. —These salts are obtained by dissolving mercuric oxide m acids, by 
double decomposition, and by dissolving metallic mercury m an excess of 
hot sulphuric or nitric acid. Mercuric salts are likewise formed, with 
evolution of ammonia, on boiling the oxide with various ammomacal 
salts; such is the case with sulphate, hydrochlorate, nitrate, and succinate 
of ammonia. (Pagenstecher, Repert 27, 27, Biett & L. Thompson, Phil. 
Mag. J. 10, 97, and 179; Wittstein, Repert . 57, 42 ) Even hydiochlo- 
rate of magnesia (Berzelius), and apparently also hydrochlorate of lime, 
when boiled in the state of concentrated solution with mei curie oxide, 
give up to it a portion of their acid. 

Mercuric salts, when they do not contain a coloured acid, are gene¬ 
rally colourless in the normal, and yellow m the basic state They are 
violent acrid poisons, and have a disagreeable, metallic taste. The 
normal salts redden litmus. Some of them are resolved by water into an 
acid salt, which dissolves, and a basic salt which remains behind. From 
their aqueous solutions, the mercury is for the most part precipitated 
in the metallic state, by the same substances as from mercurous salts, 
(p. 6), but the complete reduction of the mercury is often preceded by a 
conversion of the mercuric into a mercurous salt. Small quantities of 
phosphorous acid convert mercuric into mercurous salts; larger quantities 
throw down metallic mercury. (Braamcamp & Siqueira) Sulphuious 
acid added to mercuric nitrate, first throws down white mercurous sul¬ 
phate, which, by a larger addition of sulphurous acid, is completely con¬ 
verted, in the course of 24 hours, into mercury, but even when the 
sulphurous acid is added m excess, a portion of mercury still remains 
dissolved, and is not precipitated till the liquid is boiled. Terhasic mer¬ 
curic sulphate dissolves iu sulphurous acid, with a white turbidity, arising 
from the formation of mercurous sulphate, and deposits the whole of tbe 
mercury on boiling. (A VOgel ) [For the behaviour of corrosive sublimate with 
sulphurous acid, see Corrosive sublimate .] Those metals which reduce mercury 
from mercurous nitrate, likewise separate it, though less quickly, from 
mercuric nitrate, the reduction being attended with the separation, in 
greater or smaller quantity, of a white or yellow powder, which, when 
zinc, cadmium, or copper is the reducing agent, consists of basic mercurous 
nitrate; in the case of bismuth, of monobasic bismuth-nitrate; and with 
antimony and lead, of a mixture of basic mercury-salt and basic antimony 
or lead-salt. ^ Tin instantly produces black-brown clouds, which rise in 
the liquid, solidify in capillary tufts, assume the metallic lustre at the sur¬ 
face of the liquid, and ultimately form a metallic film; at the same time a 
small quantity of yellow basic mercuric nitrate is produced. (Fischer, 
Fogg. 9, 258.) ^ [For the behaviour of metals with protochlonde of mercury, see the 
latter.] If a piece of tin m contact with a gold plate be introduced into 
the solution of a mercuric salt acidulated with hydrochloric acid, the gold 
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plate becomes amalgamated, and does not lose its silver-white colouring 
by immersion in hydrochloric acid, though it gives it up when heated. 
(Smithson.) To impart a distinct white colouring to the gold by this 
process, the strength of the solution must not be less than 1 part of proto¬ 
chloride of mercury to 5000 parts of water (Lassaigne.) A small 
quantity of protochloride of tin added to mercunc salts, throws down 
dichloride of mercury; a larger quantity of the tin-solution converts the 
latter into metallic mercury. Sugar boiled with mercuric acetate converts 
it into mercurous acetate (A Vogel ) 

Phosphuretted hydrogen gas passed through the solution of a mercuric 
salt, throws down a paitly white, partly yellow compound of tnphos- 
phide of mercury, with a portion of the original mercuric salt, which, 
moreover, is not further decomposed by an excess of phosphuretted 
hydiogen (H. Rose, Fogg. 40, 75.)—Arseniuretted hydrogen gas pro¬ 
duces a brown precipitate m a solution of corrosive sublimate. (H. Rose ) 
—Hydrosnlphunc acid and alkaline hydrosulphates added m excess to 
mercunc salts, throw down amorphous protosulphide of mercury in black 
flakes. Even with 20,000 parts of water to I part of protochlonde of 
mercury, sulphide of potassium produces a slight browning of the liquid, 
and with 40,000 parts of water, a slight greenish-brown colouring. 
(Lassaigne ) Absolute alcohol which has absorbed 6 measures of hydro- 
sulphuric acid gas, does not act on dry mercuric salts (Parnell ) The 
black precipitate is insoluble in hydrosulphate of ammonia or of potash. 
(According to Mialhe, X. Ann. Uhini Fhys. 5, 170, it dissolves com¬ 
pletely in these reagents) The black sulphide of mercury is likewise 
insoluble m ammonia, but dissolves completely m potasb—provided there 
is a sufficient quantity of hydrosulphate of ammonia present—and is 
reprecipitated by acids. (H. Rose ) When covered with aqueous hydro¬ 
sulphite of ammonia or hydrosulpbite of potash, it is converted, slowly in 
the cold, but quickly when heated, into a red powder of cinnabar —An 
insufficient quantity of bydrosulphuric acid or an alkaline hydrosulphate, 
throws down from most mercuric salts a white compound of sulphide of 
mercury, with the undecomposed salt. (H. Rose, Fogg. 13, 59 ) The 
precipitate is often black, brown, or yellow, from excess of sulphide of 
mercury, hut soon turns white by taking up undecomposed salt from the 
liquid. It is only from the solution of the cyanide of mercury, that the 
pure black sulphide is thrown down by a quantity of sulphuretted hydro¬ 
gen not sufficient to precipitate the whole.—Hydrochlorate or nitrate of 
mercuric oxide forms, with excess of hyposulphite of soda, a white pre¬ 
cipitate, which re-dissolves in excess, with a smaller quantity of the 
soda-salt, the whole precipitate remains undissolved, immediately turning 
yellow and then brown, and is afterwards converted, slowly in cold, but 
quickly on boiling, into black protosnlphide of mercury. If the mercuric 
salt is in excess, the white precipitate, which is a compound of sulphide 
of mercury and the salt, retains its colour. (H. Rose, Fogg 33, 240 ) 
According to Wackenroder ( Repei't . 61, 24), the precipitate is of a fine 
lemon-yellow colour, but becomes yellowish-white if an excess of mer¬ 
curic nitrate is present, whereas, if the alkaline hyposulphite is in excess, 
it changes first to brown, and afterwards to black. Hydrochloric acid 
and sal-ammoniac impart to it a colour varying from reddish-yellow to 
yellowish-brown; nitric acid, from light yellow to white; and carbonate 

of ammonia slowly turns it black It is not soluble in acetic acid._ 

Hydriodic acid and iodide of potassium added to mercuric salts, yield a 
scarlet precipitate of iodide of mercury. At first the precipitate exhibits 
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a very pale red colour. It is soluble in excess, both of the mercuric 
salt, and of the iodide of potassium. If the proportion of protochlonde 
of mercury is less than 1 part to 5000 parts of water, the red precipitate 
does not appear (Lassaigne) — Hydrobromic acid and bromide of 
potassium, hydrochloric acid and common salt, do not precipitate mercuric 
salts. 

Caustic ammonia and carbonate of ammonia foim white precipitates 
with mercuric salts. This precipitate usually contains a compound of 
amide of mercury with undecomposed mercuric salt, and is insoluble m 
excess of ammonia With 10,000 parts of water to 1 part of proto¬ 
chloride of mercury, ammonia produces turbidity and a precipitate, with 
20,000 parts of water, a slight, and with 40.000, a scarcely perceptible 
opalescence. (Lassaigne, J Chew med 8, 582 )—Fixed alkalis m excess 
joroduce a light orange-yellow piecipitate. This piecipitate is not a 
hydrate, but consists of finely-divided anhydrous oxide. (Proust ) If the 
solution contains much free acid, potash gives no precipitate, or but a slight 
one after a considerable time If it contains an ammomacal salt the 
precipitate produced by potash is white. When sugai, gum, and other 
fixed organic compounds are piesent m a dilute solution of a mercuric 
salt, potash produces, after a considerable time, a black precipitate; 
more concentrated solutions, under the same circumstances, yield a dirty 
yellow precipitate, which turns black in a few hours, ox immediately on 
boiling, from reduction of the protoxide of mercury to dioxide.—Mono- 
carbonate of potash or soda throws down brown-red mercuric carbonate 
The presence of sal-ammoniac and of organic matters produces the same 
effect in this case as with the fixed alkalis.—Bicarbonate of potash added 
to sulphate or nitrate of mercuric oxide, immediately produces a brown-red 
precipitate. But with the hydrochlorate, it produces a white precipitate, 
which in a few minutes assumes, first a reddish, and then a deep purple- 
red colour. (Schindler, Mag. Phaiim. 33, 29.) If the potash-salt does 
not contain fully 2 atoms of carbonic acid, the precipitate is brown-red 
from the beginning. (Schindler)—The carbonates of baryta, strontia, 
lime, and magnesia, precipitate mercuric salts, even in the cold (Demar- 
9 ay)—Phosphate of soda throws down from most mercuric salts (not 
from the chloride) a white precipitate of mercuric phosphate. The pre¬ 
cipitation takes place down to the 500th degree of dilution (Pfaff.)— 
Chromate of potash foims with mercunc solutions, not too dilute, a yel¬ 
lowish red precipitate —Ferrocyamde of potassium yields, with solutions 
of not less than a certain strength, a white precipitate, which turns blue 
after long standing.—Tincture of galls gives an orange-yellow precipitate 
with all mercuric salts, excepting the hydrochlorate —Aqueous cyanide 
of mercury does not exhibit the greater number of these reactions 

Those mercuric salts which do not dissolve in water, are nearly all 
soluble xu hydrochloric or nitric acid, several of them likewise dissolve m 
hydrochlorate or nitrate of ammonia. Many mercuric salto form double 
salts with the salts of ammonia, potash, aud soda. 

c. With ammonia. 

Mercuric nitrate in the circuit of the voltaic battery, at first deposits 
on the positive wire a small quantity of 'peroxide of mercury , which is 
subsequently converted into basic (?) nitrate of mercuric oxide. (Fischer, 
Kastn , Arch. 16, 218.) 
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Mercury and Carbon. 

A. Carbonate op Mercurous Oxide, or Mercurous Carbonate 
—Precipitated in the form of a yellow powder, on mixing mercurous 
nitrate with carbonate of potash or soda. To obtain the salt completely 
saturated with carbonic acid, mercurous nitrate is mixed with a slight 
excess of bicarbonate of potash, and the mixtuie set aside for a few days 
and frequently stirred, to ensure the decomposition of any basic mercu¬ 
rous nitrate that may be mixed with the precipitate, which is then 
washed as quickly as possible, and dried m vacuo over oil of vitriol. 
(Setterberg, Fogg. 19, 53.) This preparation gives the analysis a . Or, 
crystallized mercurous nitrate is rubbed up with bicarbonate of potash 
and water, and the product quickly washed. (H Rose, Fogg. 53, 117 )—^ 
The salt has a strong tendency to give off carbonic acid, and lesolve itself 
into a mixture of mercuric oxide and metallic mercury. This decom¬ 
position takes place, even when the salt is left to stand nndei slightly 
warmed water (Wittstein), and immediately on boiling (H. Rose) If 
the salt be prepared by precipitation with monocarbonate of potash or 
soda, an excess of the latter blackens the precipitate by absti acting its 
carbonic acid. (Pfaff) Aqueous ammonia blackens the precipitate, dis¬ 
solves it, on digestion, with separation of metallic mercury, and, on 
subsequent exposure to the air, deposits a white powder, and leaves, on 
evaporation, a compound of mercuric oxide with ammonia (Wittstein, 
Repert 57, 42 ) The salt, when exposed to the air, is converted into 
mercuric oxide. (Proust ) 

Setterberg’s analyses were made with the following preparations:— 
a „ Prepared by Setterberg 5 s method above described.— b. By the same 
method, but dried m the air instead of in a vacuum. —c By dropping 
mercurous nitrate into bicarbonate of potash, washing, and drying m the 
air, whereupon the precipitate turns blackish; it is free from nitric 
acid. According to Lefort (W. J. Fharm. 8, 5), this is the only way of 
obtaining a product of constant composition.— d. By precipitating mer¬ 
curous nitrate with excess of bicarbonate of potash, filtering immediately, 
washing, and drying. The precipitate thus obtained is not quite free 
from nitric acid. (Setterberg.) 


Setterberg. 





a . 

b. 

c. 

d? 

Hg^O 

208 

90 44 

90*79 

91 49 

96 59 

92*16 

CO 2 

22 

9 56 

. 9 21 

7 89 

2 89 

7 17 

HO 




0 62 

0 52 

0 67 

Hg-0,C0- 

230 

100 00 

100 00 

100 00 

100*00 

100 00 


B Carbonate of Mercuric Oxide, or Mercuric Carbonate. 
Monocarbonate of potash or soda gives a brown-red precipitate with mer¬ 
curic nitrate From a solution of corrosive sublimate, alkaline bicarbo- 
nates throw down, not mercuric corbonate, but oxychloride of mercury.— 
When the mixture of the mercuric salt with the alkaline bicarbonate is 
boiled, the precipitate retains scarcely a trace of carbonic acid, the less in 
proportion as the boiling is continued longer (Setterberg.) The brown- 
red salt is slightly soluble m aqueous carbonic acid and in carbonate of 
potash. (Berzelius.) It dissolves in aqueous sal-ammoniac. (Wittstein, 
Brett.) 
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Setterbeig. 

R. Phillips. 

4HgO 

432 

95 16 

94*82 

96 1 

CO 2 

22 

4 84 

4 78 

4 4 

HO 



0 40 


4HgO, CO 2 

454 

100 00 

100 00 

100 5 


Setterberg (Fogg. 19, 60) precipitated mercuric nitrate in tbe cold with 
excess of bicarbonate of potash, Phillips (Ann. Phil 26, 109,) with 
monocarbonate. 

With Boracic acid , neither mercurous nor mercuric oxide appears 
to combine. 

Heated aqueous boracic acid does not dissolve mercurous oxide; 
neither does it precipitate mercurous nitrate: when evaporated to dryness 
with that salt, it may be completely dissolved out by alcohol, the mercu¬ 
rous nitrate remaining behind The grey-green (or yellowish white) 
precipitate which borax forms with mercurous nitrate, contains no boracic 
acid, but consists of basic mercurous nitrate. Borate of ammonia added 
in small quantity to mercurous nitrate forms a black precipitate, which 
contains no boracic acid, but consists merely of Hahnemann’s quicksilver, 
large quantities produce a grey precipitate, likewise free from boracie 
acid, (Gossmann, Revert 61, 311.)—Boiax neutralized with boracic acid 
gives with mercurous nitrate an abundant light yellow precipitate, con¬ 
sisting of basic nitrate, with only 1 per cent of boracic acid adhering to it. 
(Anthon, Repent 63, 22 )—When crystallised mercurous nitrate is tritu¬ 
rated with borax, and the product treated with a small quantity of cold 
water, a dingy yellow precipitate is produced, which is blackened by a 
larger addition of water, and gives up a large quantity of mercuric salt to 
boiling water, metallic mercury with a little mercuric oxide remaining 
behind. (H. Rose) 

Aqueous boracic acid boiled with mercuric oxide takes up no more of 
it than pure water; it likewise gives no precipitate, either with the hydro¬ 
chlorate or nitrate of mercuric oxide Even when it is evaporated with 
mercuric nitrate till the liquid dries up and nitrous fumes begin to escape, 
the whole of the boracic acid may be extracted from the reddish yellow 
residue by alcohol. The brown-red precipitate—resembling mosaic gold, 
when the solution is dilute—which boiacic acid forms with corrosive 
sublimate, contains no boracic acid, but consists of mercuric oxychloride. 
Similarly, the white precipitate which mercuric nitrate yields with small 
quantities of borax, and tbe aurora-red precipitate which it forms with 
larger quantities, consists of basic nitrate of mercuric oxide. Borate of 
ammonia forms, both with hydrochlorate and with nitrate of mercuric 
oxide, a white precipitate, free from boracic acid, the former is white 
precipitate; the latter contains mercuiic oxide, nitric acid, and ammonia. 
(Gossmann.)—Borax neutralized with boracic acid likewise forms, with 
hydrochlorate of mercuric oxide, a red-brown precipitate of mercuric 
oxychloride, smaller, however, m quantity than that which ordinary 
borax produces, with nitrate of mercuric oxide, it forms a light yellow 
precipitate of basic nitrate, containing only 1 per cent, of boracic acid. 
(Anthon.) 

Tunnermann (Kastn. Arch 20, 23) states that he has obtained definite 
compounds of mercurous and mercuric oxide with boracic acid. 
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Mercury and Phosphorus. 

A. Phosphide of Mercury —This compound is formed: 1. By 
heating JEthiojis per se with pt phosphorus. (Pelletier), 2 By 
digesting 2 parts of mercuric oxide with lj- phosphorus and 1 water, 
mercuric phosphate being foimed at the same time. (Pelletier), 3, By 
decomposing heated calomel with vapour of phosphorus. (H. Davy), 
4. By boiling aqueous protoehloride of mercury with phosphorus. 
(Boullay); 5 In the decomposition of aqueous mercurous nitrate by 
phosphuretted hydrogen gas (Thomson), 6. When phosphuretted 
hydrogen gas is passed over dry, slightly heated protochloride of mercury, 
whereupon the phosphide of mercury sublimes. (H Rose ) 

Phosphide of mercury (1 & 2) is black, may be cut with a knife; 
gives off, when distilled, first the phosphorus and afterwards the mer¬ 
cury; and, when exposed to the air, gradually loses its phosphorus by 
oxidation.—That prepared by method (3) is biown (H. Davy), brown- 
red (Berzelius); according to Davy, it remains solid at the boiling point of 
mercury, and may be preserved unaltered —That prepared by (5) has the 
form of dark biown flakes —The preparation (b) is an orange-yellow 
sublimate, which, when somewhat suddenly heated, is resolved into 
phosphorus and mercury (H. Rose, Pogg 24, 335.) 

B. Phosphate of Mercurous Oxide, or Mercurous Phosphate — 
Diphosphate of soda added to mercurous nitiate throws down a white 
crystalline powder At a red heat the salt gives off mercury, and is 
converted into fused mercunc phosphate, which solidifies m a yellow 
glass. (Dulong, Mem d?A? cueil, 3, 445 ) When boiled with water, it 
yields a grey mixture of mercury and undecomposed salt, while the liquid 
takes up a large quantity of mercuric phosphate. (H. Rose ) Immersed 
in hydrochloric acid, it turns grey, but blackens on boiling, metallic 
mercury being separated, and mercuric oxide, together with phosphoric 
acid, dissolving. (Trommsdorff.) It dissolves imperfectly in solution of 
sal-ammoniac (Brett) The salt digested with aqueous caustic ammonia, 
or carbonate of ammonia, yields a filtrate containing phosphouc acid and 
mercuric oxide, and a residue which, besides mercurous oxide, likewise 
contains mercuric oxide, metallic mercury, and ammonia. (Wittstem.) 
Cold potash-ley decomposes the salt completely, the liquid is free from 
mercury, carbonate of potash decomposes it with the aid of heat, and 
takes up at the same time a small quantity of meicury Aqueous sul¬ 
phurous or phosphorous acid added to this salt slowly reduces the mercury. 
(Trommsdorff, X. Ti\ 17, 1, 263 ) The salt is insoluble m water, and 
likewise in aqueous phosphoric or tartaric acid. 

Trommsdoiff, 
dried at 100°. 

2Hg-0 . 416 0 85*35 85 9 

PO 5 71*4 14 65 14 4 

2Hg-0,P0 5 487 4 100*00 ~ 100 3 

C. Pyrophosphate of Mercurous Oxide, or Mercurous Pyro¬ 
phosphate —When crystallized mercurous nitrate is triturated with 
di-pyrophosphate of soda and cold water, a blackish precipitate is 
obtained, and the liquid takes up a mercurous salt, free from mercuric 
oxide Boiling water makes the precipitate still blacker, and forms a 

VOL. vi. c 
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solution containing mercuric and mercurous phosphates. (H. Rose.) 
Mercurous pyrophosphate dissolves in excess of pyrophosphate of soda 
(Stromeyer) Mercurous nitrate was found by Gmelm to yield, with 
di-pyrophosphate of soda, a white precipitate, which neither blackened 
nor dissolved when treated with an excess of the soda-salt —IT According 
to Schwarzenberg, the salt obtained by precipitating mercurous nitiate 
with di-pyrophosphate of soda is a heavy, white, crystalline powder, 
soluble m nitric acid, and leaving a residue of mercuiic metaphosphate 
when ignited. It is decomposed by hydrochloric acid. When recently 
precipitated, it is soluble in excess of the soda-salt, and the solution, 
when boiled, deposits a black powder. If the salt be dried at 1Q0 3 , it is 
afterwards insoluble in pyrophosphate of soda, and turns black, when 
treated with that substance It contains 88*45 per cent, of mercurous 
oxide. (Schwarzenberg, Jmi. Pharm. 65, 159 ) 

D. Phosphate or Mercuric Oxide, or Mercuric Phosphate — 
Formed by piecipitatmg mercuric nitrate with diphosphate of soda. 
Chloride of mercury is not precipitated by the soda-salt Mercuric phos¬ 
phate is a white, heavy powdei, which assumes a transient yellow colour 
■when heated (Trommsdoiff) Bakes together when heated, and fuses 
into a dark yellow’ gla*s, which solidifies m a transpaient mass on cooling. 
Heated more stiongly m a gla^s tube, it gives off mercury, oxygen gas, 
and phosphorous acid [?], and leaves a residue which does not exhibit 
any acid leaetion—is insoluble m water—still contains mercury—and 
evaporates completely on continued ignition. (Tromm&dorfF.) Aqueous 
ammonia extracts from the salt a small quantity of mercuric oxide, besides 
phosphoric acid (Wittstem, Repert. 57, 60 ) Caustic potash extracts all 
the acid, without dissolving the mercuric oxide. Carbonate of potash 
takes up only part of the acid, but at the same time dissolves a poition of 
the mercuric oxide, which does not separate from it, even on boiling. 
Aqueous phosphorous or sulphurous acid reduces the mercury of the salt 
slowly and incompletely Cold dilute hydroehlonc acid dissolves the 
salt slowly, the same acid, when hot and dilute, dissolves it rapidly, and 
the cold concentrated acid dissolves it quickly and abundantly, and with 
evolution of heat From the solution m hydiochloiic acid, piotochlonde 
of tin throws clown mercury, together with stannic phosphate. Fiom the 
residue obtained by evapoiatmg the liydrochlonc acid solution to dryness, 
hot alcohol extracts protochlonde of mercury, which crystallizes when the 
alcohol is evaporated. Hence it appears that hydrochloric acid takes 
mercuric oxide from phosphoric acid. One part of the salt dissolves com¬ 
pletely in the aqueous solution of 6 parts of sal-ammoniac—a small 
quantity of ammonia being given off, if the liquid is hot The solution, 
which reddens litmus, contains hydrochlorate of mercuric oxide and 
ammonia, and phosphate of ammonia (Trommsdorff, N Tr. W, 1 ; 263.) 
The salt likewise forms clear solutions with carbonate, sulphate, and 
nitrate of ammonia. (Wittstein.) It dissolves m aqueous phosphoric acid, 
but not in water or alcohol 

Trommsdorff, Pm same amp & 

dried at 100°. Siq Oliva. 

2HgO ... 216-0 . 75 16 75 20 71 5 

TO* • _7P4_ 24-S4 _ 24 78 _28 5 

2HgO,PO» . 287-4 100 00 99 98 KKhT 

This salt appears to be really a pyrophosphate; at all events, tlie 
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mercuric pyrophosphate described by Schwarzenberg {Ami. Pharm. 65, 160) 
is identical with it in composition, and exhibits similar properties. 


Mercury and Sulphur. 


A Disulphide of Mercury or Mercurous Sulphide. —Formed by- 
dropping a solution of mercurous nitiate into aqueous bi-hydrosulphate of 
potash; or by pom mg the latter solution on recently-precipitated and still 
moist dichlonde of mercury, or by passing hydrosulphuric acid gas 
through an aqueous solution of mercurous acetate. When that gas is 
passed tlnough meicurous nitrate, the nitric acid, as it is set free, decom¬ 
poses the hydiosulphuric acid The precipitate is washed with cold 
water, and dried over oil of vitriol at ordinary temperatures (Berzelius ) 
Black powder —It is resolved by a gentle heat into protosulphide of 
mercury and metallic mercury, which may be recognized by the micro¬ 
scope, and unites into globules when tuturated. When somewhat strongly 
heated, it gives off mercury, and after wax ds sublimes m the form of 
cinnabar (Berzelius, Lehrb ) Braude also {Quart. J of Sc 18, 292) 
regarded the precipitate produced in mercurous salts by hydrosulphuric 
acid and alkaline hydrosulphates, as disulphide of mercury, Guibourt, on 
the other hand, regarded it as a mixture of mercury and the protosulphide, 
because it yielded metallic mercury by pressure [had it been heated 2], 
and wai> resolved by beat into mercury and cinnabar. 


2Hg 

200 

92 o9 

S 

16 

7 41 

Hg-S 

216 

100 00 


B. Protosulpiiide of Mercury, or Mercuric Sulphide — 
a Crystalline or Red Sidplnde — Cinnabar, Cinnabans, Yenmhon .— 
Formation and Preparation —1. In the dry way .—Mercury, mercuric 
oxide, or trisulphate of mercuric oxide, sublimed with sulphur, yields 
cinnabar. When 5 oi 6 parts of mercury are added to 1 part of melting 
sulphur, and the mixture heated, with constant stirring, till the sulphur 
becomes thick, combination takes place suddenly, attended with evolution 
of light and heat, and with violent crackling and projection of the mass. 
The resulting compound exhibits a blackish-red colour, and frequently a 
distinct red stieak, it maybe regarded as cinnabar partly mixed with 
black sulphide of mercury, and partly with uncombined mercury and 
sulphur In a state of minute division Now, when this crude product, 
after being pounded, is mixed with a small quantity of sulphur, and a 
glass flask half-filled with it is loosely closed with a charcoal stopper, 
sunk to two-thirds of its depth m sand, and exposed for some hours to a 
red heat m a slow-drawing wind-furnace, a sublimate of pure cinnabar is 
obtained. The excess of sulphur, being more volatile than the cinnabar, 
escapes, foreign metals remain m the foirn of sulphides at the bottom of 
the flask. If the upper part of the flask becomes too hot, a portion of 
the cinnabar may be lost by volatilization. 

Old method of preparation in Amsterdam. 170 pounds of mercury 
are gradually added to 50 pounds of melted sulphur contained In a cast- 
iron pot, the materials being stirred up with an iron spatula, but not so 
rapidly as to give rise to active combustion—the mixture poured out 
upon an iron plate, and broken into pieces after cooling—and the frag- 
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ments put into Hand-jars capable of bolding 1^ pounds of water. The 
subliming vessels are earthen cylinders 4 feet high, glazed within, and 
closed at the bottom; they aie sunk to two-thirds of their depth m a 
furnace in which their lower part is heated to redness A few hand-jars 
full of the mixture are thrown into each of these subliming vessels, and 
the contents left to crackle and burn, till the greater part of the excess of 
sulphur volatilizes, and the flame diminishes The smooth, level opening 
is then covered with a thick, smooth plate of cast-iron * the plate removed 
as soon as a sufficient quantity of cinnabar has collected upon it, the 
cinnabar which has collected on the upper part of the vessel pushed down 
again; a fresh plate put on, &c. &c. The contents of the cylinder are 
stirred up from time to time, and fresh material introduced. The cinnabar, 
after being detached from the plates, is ground as finely as possible with 
ram-water 

Method of preparation in Idria. A number of casks, each containing 
8 pounds of pounded sulphur and 42 pounds of mercury, are made to 
turn upon their axes for two or thiee hours, till the contents are con¬ 
verted, with slight evolution of heat, into a brown powder. 100 pounds 
of this powder are then introduced into an upright cast-iron cylinder, 
previously heated m a furnace, the cylinder covered with an iron capital, 
kept down by weights, till the crackling of the mass is over, the iron 
capital thereupon leplaced by one of stone-ware, having its beak con¬ 
nected with a tube and receiver, and the fire increased. The best cinna¬ 
bar collects in the capital, which is afterwards broken in pieces; that 
which condenses in the tube and receiver, if mixed with excess of sulphur, 
is added to the quantity introduced at the next sublimation. The cinna¬ 
bar, after being finely ground with water, is well boiled with potash-ley, 
and washed with boiling and with cold water. (Mitscherlich, Lehrb.) 

Chinese method . 1 part of sulphur and 4 parts of mercury are sub¬ 

limed in an earthen vessel, to which an iron cover, kept constantly moist, 
is luted; the fire is kept up for four-and-twenty hours; the vessel broken 
up after cooling; the less pure sublimate separated, the purer portion 
pounded up, and the powder sifted into a large vessel filled with water; 
the water, with the scum floating on it, poured off after a while, the 
process being twice repeated, and lastly, the sediment at the bottom is 
dried. (X Edirtb J. of Sc 2, 352 ) 

European cinnabar, whether prepared in the dry or in the humid 
way, always has a tinge of yellow; the Chinese, which is six times as 
dear, inclines to carmine colour, although no foreign matter can be 
detected in it, excepting a little glue. By the sublimation of common 
cinnabar with 1 per cent, of sulphide of antimony, a dark steel-grey 
cinnabar is obtained, which becomes brown-red when pulverized: but if 
it be finely ground, and repeatedly boiled with solution of liver of sulphur, 
then thoroughly washed and digested with hydrochloric acid, and after¬ 
wards washed and dried, it becomes exactly like the Chinese vermilion, 
hut of a still finer colour. No antimony can be detected in it. (Wehrle 
Zeitschr . Pkys. v Wiss. 2, 27-) 

The principal point to be attended to in the preparation of cinnabar 
by sublimation, is that no black, amorphous sulphide get mixed with it. 

2. In ike hiimxd way . The black, amorphous sulphide of mercury 
obtained by the action of hydrosulphuric acid, or of alkaline hydrosul¬ 
phates or hydrosulphites on mercury, its oxides, and salts, is converted 
by contact with alkaline hydrosulphites, slowly in the cold, but quickly 
when heated, into the red sulphide. 
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Mercury, agitated and digested with Boyle’s spirit of sulphur (II 454) 
yields emnabar. (Fr. Hoffman, Observ. phys. diem. Lib 2, Ohs, 31 ) 
Mercury agitated with Boyle’s spirit of sulphur is immediately convened 
into a black powder, which, after three days’ immersion m the liquid, is 
converted into fine spiculse of crystallized cinnabar. A similar result is 
obtained with pulverized sulphide of mercury, obtained by fusing sulphur 
and mercury together with mercuric oxide, and likewise with the trisul¬ 
phate and monosulphate of mercuric oxide, excepting that the latter 
become heated by contact with the spirit of sulphur, and require a larger 
quantity of it to convert them into cinnabar. The black precipitate, also, 
which spirit of sulphur yields with mercurous nitrate, acquires a splendid 
red colour after a few hours’ immersion in fresh spirit of sulphur. The 
black precipitate obtained from protochlonde of mercury does not change 
into cinnabar in less than a year Potassic liver of sulphur acts much 
more slowly than Begum’s spirit (Baume, Chun experiment 2,466) 
The black precipitate which the sulphates, hydrochlorates, and nitrates of 
mercury yield with ammomacal or potassic liver of sulphur, turns led 
slowly and after long standing, at ordinary temperatures, but rapidly 
when heated Protochloride of mercury yields remarkably fine cinnabar. 
Ammomacal liver of sulphur yields a more finely-coloured product than 
potassic liver of sulphur. (Proust, Gilb. 25, 174 ) 

The black powder obtained by triturating 7 parts of mercury with 
2 parts of sulphur till the fluidity of the metal is destroyed, acquires a red 
colour when immersed m a solution of potassic liver of sulphur at 45 c , and 
yields 7 05 parts of moderately good cinnabar The black powder like¬ 
wise yields emnabar when immersed m sodic liver of sulphur and hydro¬ 
sulphate of ammonia, but not m caustic ammonia. Mercuric oxide 
blackens when immersed m hydrosulphate of ammonia, hut afterwards 
turns giadually red from top to bottom, and after 14 days yields 106 2 
per cent, of bright red emnabar, which sublimes without residue. W ith 
potassic liver of sulphur, the product obtained consists of 101 65 percent, 
of cinnabar, which has a yellowish iridescence, and when sublimed yields 
a small quantity of metallic mercury as well as emnabar. Calomel 
digested with hydrosulphate of ammonia, blackens at first, and after 
several days yields 96* 7 percent of brown-red cinnabar, with potassic 
liver of sulphur, it yields 99*5 per cent. Trisulphate of mercuric oxide 
digested for 8 days in hydrosulphate of ammonia, yields 94*17 per cent, 
of crystals, having the dark colour of sublimed cinnabar, and becoming 
bright red by trituration, a small quantity of mercury is found m the 
liquid. In solution of potassic liver of sulphur, the mercunc sulphate 
yields 102 9 per cent, of dingy yellowish-ied emnabar, which sublimes 
without residue, and is thereby converted into ordinary cinnabar, the 
liquid contains no metallic mercury. Ifercunus solubihs immersed for a 
few days in hydrosulphate of ammonia, yields 99 9 per cent of a violet- 
red crystalline powder, consisting of cinnabar, which sublimes without 
residue, with potassic liver of sulphur, it yields 101 *2 per cent, of brown- 
red, pulverulent cinnabar (Biunner, Fogg. 15, 600,) When recently 
prepared white precipitate is immersed in bi-hydrosulphate of ammonia, 
or in monosulphide of ammonium previously saturated with sulphur, the 
black colour which it first acquires, passes at 40° or 50°, through red- 
brown into the beautiful dark carmine-red of Chinese vermilion, the 
change taking place more quickly as the liquid is more concentrated. 
The colour may be rendered still brighter by subsequent digestion with 
strong potash at a gentle heat. (Liebig, Ann Fharm . 5, 289 , 7, 49.) 



22 


MERCURY* 


The "black precipitate -which hydrosnlphuric acid or liydrosulphate^ of 
ammonia yields with mercuric salts, is converted by immersion in alkaline 
hydrosulphates into cinnabar, the change taking place the more easily as 
the temperature is higher, and as the alkaline hydrosulphate contains a 
larger excess of sulphur. (Gm.) The red colouring of the black sulphide 
of mercury, produced by treating it with solution of liver of sulphur, is 
due to crystallization, which is rendered possible by its solubility m the 
liver of sulphur. 

Particular modes of 'preparation in the humid way : 

Kirchhoff {Seller* J 2, 290) triturates m a porcelain dish, 100 parts 
of mercury with 23 parts of dowers of sulphur, moistening the mixture 
with potash-ley, till the fluidity of the mercury is destroyed, he then 
warms the mass, still triturating constantly, m a solution of 53 parts 
potash-hydrate in 53 parts water, replacing the water as it evaporates, 
till, m about two hours, the black colour of the mixture changes to brown, 
and then quickly to red. The mass is then evaporated, still with con¬ 
stant tiituration, to a thm paste, till the red colour has attained its utmost 
degree of brightness, wheieupon the heat is immediately removed If 
the heat be not continued long enough, the fine red colour is not fully 
developed; and if it be applied only a few seconds too long, the colour 
changes to brown, and cannot be biought back again to red (KuchliofT) 
In consequence of the too great excess of potash, a portion of the sulphide 
of mercury dissolves in the li\er of sulphur, and is deposited on the 
addition of water. In this process, therefore, it is necessary to wash, 
first with potash, and then, but not before, with water. (Brunner ) 

Bucholz {Scher. J. 9, 170, also Crell , Ann. 1802, 1, 27) heats and 
agitates for 4 hours, and then digests for 12 houis, a mixture of 4 parts of 
mercury, 1 of sulphur, 3 of potash-hydrate, and 6 of water. 

Brunner {Fogg 15, 593] carefully triturates 100 parts of mercury with 
38 parts of flowers of sulphur, till xlie whole is converted into /Ethiops— 
a process which requires 3 houi s for small quantities, and 12 hours if the 
quantity amounts to a few pounds—and heats it m a porcelain basm or a 
cast-iron pot, with a solution of 25 parts of potash-hydrate in 133 to 150 
parts of water, keeping the temperatuie umfoimly at 45°, and never 
letting it rise above 50~ At first, the mixture is continually stnred with 
the pestle, afteiwards from time to time The water which evaporates is 
replaced, so as not to allow the mixture to acquire the thickness of a 
jelly. When the reddening has once begun, which generally takes place 
in about 8 hours, the heat must not be allowed to rise above 45°, and as 
soon as the red has attained its greatest degree of brightness, the vessel is 
removed from the fire, or else, which is better, the mixture is kept for 
some hours exposed to a gentler heat It is then washed, and the mer¬ 
cury which remains metallic, separated by levigation, wherenpon it yields 
from 109 to 110 per cent, of cinnabar, hut little inferior to the finest 
native variety, and far superior to that obtained by sublimation The 
above-mentioned proportion of the ingredients gives the largest amount 
of cinnabar. J 00 parts of mercury yield with 40 parts of sulphur and 40 
of potash-hydrate, 107 cinnabar, with 28*3 sulphur and 51 potash- 
hydrate, 94 2; with 33 to 40 sulphur and 60 potash-hydrate, 81 5, and 
with 30 sulphur and 60 potash-hydrate, only 47 3 cinnabar (Brunner. 

Doberemer (Schiv. 61, 380) gently heats meicury with a solution of 
pentasulphide of potassium, triturating it continually, till the mercury is 
converted into a dark red powder, a change which generally takes place 
in about an hour and a half, he then decants the liquid (which contains 
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protosulpbxde of potassium, and by digestion with sulphur may be 
lendeied fit for another preparation of cinnabar), and tut mates the 
powder with a small quantity of dilute potash-ley at 40 3 or 45till it 
acqunes a fieiy red colour 

If the cmnabai has become biown from being heated too long with 
teulphtir and potash-ley / it may be restored to the state of the finest 
veimilion by the addition of watei and the application of a modeiate 
beat (Storch, Repert 35, 107 ) 

Th Maitius (Knstn Aich 10, 497) places the ingredients m bottles 
closed with corks, and pack^ them m a box, which is fastened to the 
upper beam of a saw-null. In 24 or 36 hours, at ordinary temperatures, 
the mutt beautiful emnabar is obtained, it is afterwards washed and dried. 
This method not only has the advantage of dispensing with the labour of 
trituration, but it likewise pi events the hitherto unexplained passage of 
the emnabar into the brown state, which is so liable to take place on the 
application of heat The author is indebted to Maitius for two splendid 
specimens of this emnabar. 

Adultei atwns. — B/ icfc-dust lemams behind on ignition .—Oxide of iron 
the same; it may also he dissolved out by hydrochloric acid —Red lead 
remains behind on ignition, in the form of a fused protoxide, and yields 
chloride of lead, with evolution of chlorine on boiling the substance with 
liydiochloncacid, it may also be extiacted by large quantities of boiling 
water — Dragon 1 s Blood Empyieuniatic odour on the application of heat; 
gives a red colour to alcohol. 


Tropet ties —Native cinnabar and many of the aitificial varieties 
form crystals belonging to the lliombohedial system, the pi unary form 
being an acute rhombohedron Fig. 151, 135, 160, and other forms, 
r 3 * 71° 48', r l • ? 3 or ? 5 — 108" 12'. Cleavage paxallel to r and s. 

Cmnabar obtained by sublimation assumes the foim of fibrous masses. 
Specific gravity of the native mineral, 8 0 to 8*1, of the artificially sub¬ 
limed compound, 8 0602 (Karsten), ST 24 (Pol Boullay) In the mass it 
is cochineal-coloured, transparent, and has an adamantine lustre, its 
powder is scarlet Becomes brownish when gently heated; quite brovn 
at 250~, and black at a higher temperature, but if the heat has not been 
strong enough to cause it to volatilize, it recovers its fine scarlet colour 
on cooling. 
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The opinion of Fourcroy that emnabar likewise contains oxygen, has 
been refuted by Proust {Gilb. 25, 171) and Seguin {Ann. Chim . 90, 2 52). 


U Bealey (Chem. Soc Qu. J IV, 180) has examined several specimens 
of native emnabar. ( a ), from New Almaden, m California; (6), from 
Almaden, m Spain, (c), from Moschellandsberg, (d), from Wolfsteiu. 
The following are the mean results of the analyses:— 
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California. 

Spain 

Moschellandsberg. 

Wolfstem 

Hg . 

69 90 

37’79 

66 86 

18 00 

s 

11 29 

16 22 

11 43 


Fe 

1 23 

10 36 

rLTdt} 1709 

73 31 

CaO . 

1 40 




Al-O 3 

0 61 




MgO 

0 49 




SiO= 

14 41 

Silica andl 35 12 
alumina j 





99 49 




The Californian ore has a bright red colour, slightly mclmmg t< 
purple, and appears to have been imperfectly cleaied from a soft, light 
brown earth, which can be easily sciaped fiom its surface. It bieak, 
without much difficulty under the hammer, and is afterwards easib 
reduced to powder, with the exception of some bright crystalline particles 
which are extremely hard The suifaces of lecently broken ore appea 
much more purple than those long exposed It is traversed at irregula 
intervals by very thin bands of white, bard, crystalline mineral, apparently 
calcareous and siliceous In the state of fine powder, it has a very 
brilliant veimilion colour, much daiker than that of the massive ore. It 
specific gravity is 4 410. It is found m nests m a stratum of yellowis 1 
earth 42 feet thick Tbe vem is very large, and crops out on the sm face 
where it is worked It yields a large quantity of mercury, 10,000 lbs c 
which have been obtained from it m thiee months. The occurience c 
this mineral has been known to the natives from tune immemorial, as th 
cave of red earth, which they employed for painting their bodies. Th 
ore from Almaden in Spam is, like the Californian ore, massive, but muc 
less brilliant, and much harder Throughout its mass, small yelloi 
patches of iion pyrites are irregulaily distributed In the state of fin 
powder, it has a dull, brick-ied colour. Sp gr. 3 622 The ore froi 
Moschellandsberg is daik red brown, crystalline, heavy, very hard, an 
difficult to pulverize Sp gr. 4 735. The ore from Wolfstem is a gre] 
earthy-looking mineral, with dark, livid patches occurring at mterva 
in its substance. It is very haul, and yields a light puce-coloure 
powder IT 

Decompositions. —Cinnabar heated in the air burns with a blue flam< 
yielding sulphuious acid and metallic mercury. When sublimed wit 
lamp-black or charcoal, the greater pait decomposes, metallic mercur 
being separated, and a large quantity of hydrogen gas containing sulphi 
evolved. (F, C. Yogel, Elapv & Wolff's Worteibuck, 5, 761.) Thatwluc 
Yogel took for hydrogen gas containing sulphur is really vapour < 
sulphide of carbon, a great part of tbe cinnabar remains undecompose* 
(Berthier) Cinnabar volatilized at tbe beginning of a red-hot tul 
through which a current of hydrogen is passed, yields a large quantity < 
hydrosulphuric acid gas, and a black sublimate containing a large numbi 
of mercurial globules, but no mercuric oxide. (Regnault ) [What become 
of the oxygen of the water ?] Boiling water, aqueous alkalis, and hydu 
chloric acid, exert no decomposing action Boiling oil of vitriol gives c 
sulphurous acid, and leaves mercuric sulphate. (Braude ) Nitric ac 
exerts but a feeble action, even when aided by beat. Aqua-regia ac 
violently, e\ en at ordinary temperatures, dissolving the mercury m tl 
brm of mercuric oxide; while the sulphur is partly separated in the fr< 
date, and partly converted into sulphuric acid. In chlorine gas cinnab, 
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burns vividly, forming chloride of sulphur and chloride of mercury. Cinna¬ 
bar heated with dry protochloride of tin gives off hydrochloric acid, with a 
trace of sulphurous acid, and leaves mosaic gold. (A. Vogel) [In this re¬ 
action, dichloride of mercury must be evolved. 2HgS -4-SnCl=:Hg 2 Cl -f SnS 2 ] 
Cinnabar boiled with aqueous protochlonde of tin, gives off hydrosulphune 
and hydrochloric acid, and is converted into a brown mixture of unde- 
composed cinnabar, metallic mercury, protochloride of tm, and bi-oxide of 
tin. Vogel, Eastn Arch 23, 82.) It is difficult to understand by what 
reaction these products are formed. ^T. According to Bolley (Ann. Pharm . 
75, 239), cinnabar turns instantly black when immersed in a solution of 
silver-nitrate containing excess of ammonia, and may be recognized with 
certainty by means of this reaction, even when mixed with other bodies, 
and used as a pigment, the leaction consists m the formation of sulphide 
of silver and compounds of basic nitrate of mercuric oxide with mercuric 
amide According to Liebig and Kopp (Jcihresbericht, 1850, 332), orpiment 
and sulphide of tm, when fieshly precipitated, give the same reaction 
with silver-nitrate without ammonia Iron, tm, antimony, and several 
other metals, withdraw the sulphur, on the application of heat, and allow 
the mercury to distil over Fixed caustic alkalis and their carbonates 
liberate the mercury ou ignition, while a mixture of metallic sulphide and 
alkaline sulphate remains behind. 

4IIgS + 4CaO=4Hg + 3CaS + CaO,S0 3 

Carbonate of soda, and also lime, if it be mixed with a certain quantity 
of charcoal, produces complete decomposition of the cinnabar. (Berthier, 
Ann C/twi. Phys 33, 161 ) Cinnabar ignited with protoxide of lead gives 
off sulphurous acid and mercury, leaving very pure metallic lead and a 
fused slag, which, if the lead-oxide is not in veiy great excess, contains 
undecomposed cinnabar. 117 pts. (1 At) of cinnabar heated m a dis¬ 
tillatory apparatus with different quantities of litharge, yield the following 
results. With 446 pts (4 At.) litharge sulphurous acid gas, 100 pts. 
(nearly 1 At ) lead, and an opaque, blackish grey slag. The one atom of 
sulphur in the cinnabar should take up 2 atoms of oxygen from the 
litharge, and reduce 2 atoms of lead; but since only half that quantity of 
lead is really obtained, it follows tbat half the cinnabar must have entered 
without decomposition into the slag. If only a gentle heat be applied m 
the beginning of the action, nothing but mercury, with a small quantity 
of sulphurous acid, passes over, hut on subsequently raising the heat to 
bright redness, a laige quantity of sulphurous acid goes off, lead is xeduced, 
and the above-mentioned slag is formed With 669 pts (6 At) litharge . 
110 parts of lead, together with a transparent, black-brown glass With 
894 pts (8 At.) litharge ISO parts of lead, together with a transparent, 
hyacinth-red glass With 1788 pts (16 At) litharge 206 pts. (nearly 
2 At.) lead, together with a crystalline slag, having the appearance of 
litharge For the complete desulphuration of the cinnabar, 10 atoms of 
litharge are probably sufficient. (Berthier, Ann. Chim. Phys. 39, 247.) 

b. Amorphous or Black Sulphide of Mercury—Formation 1 Cin¬ 
nabar moderately heated out of contact of air, is converted into black 
sulphide of mercury, at a stronger heat, however, it is reconverted into 
[sublimed 2] cinnabar. (Segura, Ann. Chun. 90, 268 ) To render the 
black colour permanent after cooling, the cinnabar must be heated till it 
begins to volatilize. (Fickentscher, Bepert 33, 429) As soon as the 
finely pounded cinnabar begins to sublime, the glass tube containing it 
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must be immediately plunged into cold water, tlie cinnabar is thereby in 
most cases completely converted into the black sulphide, especially if 
it has been prepared in the humid way (Fuchs, Pogg 31, 581 )— 
2. Hydrosulphuric acid and alkaline hydrosulphates added to mercuric 
salts, throw down black sulphide of mercury. Pulvis hypnotitus s nar- 
coticus Kriehi , obtained by precipitating mercurous nitrate with potassic 
liver of sulphur, is black sulphide of mercury, sometimes mixed with 
excess of sulphur —3. Metallic mercury agitated with excess of aqueous 
pentasulphide of ammonium or potassium, withdraws sulphui from that 
compound, and forms black sulphide of mercury If powdered sulphur 
be added to the liquid, the sulphur dissolves in the protosulphide of 
ammonium or potassium, and reconverts it into pentasulphide, which 
again gives up sulphur to the remaining portion of metallic mercury, till 
the latter is fully saturated with sulphur This reaction is the basis of 
the preparation of cinnabar m the humid way —4 If 16 parts of sulphur 
be continuously triturated, at ordinary temperatures, with 100 parts of 
mercury, heat is evolved and the same black compound formed When 
1 part of sulphur is triturated with 8 parts of mercuiy, till the latter is 
completely deadened, the whole of the sulphur is found to be converted 
into sulphide of mercury (mixed with excess of mercury), for boiling 
potash is not coloured by contact with it, the excess of meicuiy may be 
dissolved out by dilute nitnc acid With 1 part of sulphur to 5 parts of 
mercury, the whole of the metallic mercury disappears after 8 hours’ 
trituration, and when the propoition is 1 pt of sulphur to 3 of mercury, 
the whole of the metal disappears in 5 hours. (Munck af Rosenschold, 
Pogg 34, 453.) 

jl Pthiops minerahs) Mineral blaclc, or Qmclsiher black, obtained by 
triturating together, at the oidmary temperature, equal parts of mercury 
and sulphur, till the mercury completely loses its fluidity, is a mixture of 
black sulphide of mercury with excess of sulphur. Unless the trituration 
is continued for a very long time after the globules of mercuiy have dis¬ 
appeared, the mixture will still contain finely divided mercury, which 
may be recognized by its power of amalgamating gold, on tuturation, 
and by its solubility in cold dilute nitric acid. When equal parts of 
mercury and sulphur are rubbed together till nitric acid no longer dis¬ 
solves out mercury from the mixture, the excess of sulphur may be 
extracted by sulphide of carbon, and then a black residue is left, having 
the composition of cinnabar. (C. G. Mitscherlich, Pogg. 16, 353.) 

To save the trouble of trituration, the mixture may be agitated by 
means of the saw-mill (as descnbed on page 23), but to obtain a soft, 
black preparation, it is necessary to add a little water If dry materials 
are used, a black-brown granular powder is obtained, which, though it 
becomes blacker by trituration, always remains lighter than the foimer. 
(Tb. Martins ) 

The following methods are also recommended to accelerate the 
deadening of the mercury.—1. To warm the mortar. (Lichtenberg ) If, 
however, the heat be very strong, a small quantity of cinnabar may 
likewise be formed.—2. To triturate a hot mixture of 1 pt mercury, 
1 pt. sulphur, and 1 pt. sugar, with a small quantity of wrnter, replacing 
the water as it evaporates, and washing out the sugar after the mercury 
has completely lost its fluidity. (Monheim, Pepert 45, 273) —3 To 
triturate 1 part of mercury with 1 part of sulphur, with the addition of 
i aqueous hydrosulphate of ammonia (Geiger) or hydrosulphate of 
potash, which is afterwards to be removed by washing. (Destouches.) 
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This process may likewise produce a portion of cinnabar, which has no 
medicinal action —When the black sulphide is prepared by fusing mer¬ 
cury and sulphur together, the proportion of its constituents is indeter¬ 
minate on account of the volatilization of the sulphur, and it contains a 
large quantity of cinnabar, which remains undissolved on boiling with 
potash, whereas good mihiops is either wholly or almost wholly soluble 
in that liquid 

Black sulphide of mercury is converted into the red sulphide, both by 
sublimation and by the action of aqueous alkaline hydrosulphites. Its 
reactions, so far as they known, are the same as those of the red sulphide, 
but are produced with greater facility; thus it is dissolved by hot nitric 
acid, with separation of sulphur 

Alkaline Hyposulphites form with mercuric salts, a white or yellow 
precipitate, which, according to H Rose, is a compound of sulphide of 
mercury with the original meicurie salt (p. 13). 

IT Pentathionic and Tetrathionic Acid yield with mercurous nitrate, a 
yellow precipitate which slowly blackens on boiling, and with the proto¬ 
chloride of mercury, a yellowish precipitate consisting of a compound of 
sulphide and chloride of mercury mixed with free sulphur, with the 
cyanide, these acids gradually form a yellow precipitate, which blackens 
slowly in the cold, immediately on boiling (Kessler.) T 

Tritlnonie Acid foims with mercurous nitrate a yellowish precipitate, 
which turns black on adding an excess of the acid. (Fordos & Gelis.) 
T With mercuric nitrate (Fordos & Gelis') and protochlonde of mercuiy, 
it forms a white precipitate, which is a compound of sulphide of mercury 
and the original salt mixed with free sulphur, and with cyanide of mer¬ 
cury, a yellow precipitate which blackens slowly in the cold, readily on 
boiling (Kessler) 

C. Hyposulphate of Mercurous Oxide, or Mercurous Hypo- 
sulphate. —A solution of recently-precipitated mercurous oxide m the 
aqueous acid, yields indistinct colourless crystals on evaporation. These, 
when heated, give off mercury, mercurous sulphate, and free sulphuric 
acid, potash separates mercurous oxide from them. Cold water dissolves 
them sparingly, and hot water turns them black. Nitiic acid dissolves 
them readily (Raxnmelsberg, Pugg. 59, 472 ) 

Crystallized . Raxnmelsberg. 

Hg-0 208 74 29 74 28 

S-O 5 72 25 71 

HgfO, S-0 5 ! 280 100 00 ~ 

D. Mercuric Hyposulphate ?—When mercuric oxide is digested with 
aqueous hyposulphunc acid, and the filtrate evaporated, mercurous sul¬ 
phate crystallizes out, and sulphuric acid remains in solution.— 

2HgO-r S 2 0 5 =Hg-0,S0 3 + SO 3 . 

If an excess of mercuric oxide is used in the digestion, a yellowish white 
powder remains on the filter, probably consisting of basic hyposulphate 
of mercuric oxide. When heated, it is decomposed with a hissing noise, 
and is partly converted into mercury and mercurous sulphate. Potash 
separates from it 80 84 per cent, of mercuric oxide. Hydrochloric acid 
dissolves it with facility (Rammelsberg.) 
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E. Sulphate of Mercurous Oxide, or Mercurous Sulphate — 
1. One part of mercury is gently heated with from ■§■ to 1 part of oil of 
vitriol, till somewhat more than the half of it is converted into a solid 
salt; the product is then freed from excess of meicury and oil of vitnol 
by decantation and washing with a small quantity of cold water. If the 
the salt be heated to dryness, the resulting mass is a mixture of mer¬ 
curous and mercuric salt, and if 2 paits of mercury have been used with 
1 part of oil of vitriol, it still contains a large quantity of free mercury, 
the mercurous salt is gradually converted by the hot oil of vitriol into 
mercuric salt —2. When 18 parts of monosulphate of mercuric oxide are 
triturated with 6 parts of water and 11 parts of mercury, heat is evolved and 
the mercury is taken up (Planche, -47m Glum. 66, 168.)—3. An aqueous 
solution of mercurous nitrate is precipitated with sulphuric acid or sul¬ 
phate of soda, and the precipitate washed with a small quantity of water. 
H Rose triturates crystallized mercurous nitrate with sulphate of soda, 
and dissolves out the nitrate of soda with cold water. 

White heavy crystalline powder, or small prisms. Fuses at a low red 
heat, and immediately gives off a mixture of 103 measures of sulphurous 
acid gas and 97 measures of oxygen, while mercury with a small quantity 
of sulphate, and a very small quantity of undecomposed sulphuric acid, 
distils over (Gay-Lussac, W Gehl 4, 469 ) By continued boiling with 
a large quantity of water, the salt is resolved into acid mercurous sul¬ 
phate, ■which dissolves, and a dingy yellow powder, consisting of a mix¬ 
ture of metallic mercury and terbasic mercuric sulphate. (H. Rose.) 
Proust and Donovan regarded this yellow powder as a basic sulphate of 
mercurous oxide. According to Kane (Ann Chim PJiys. 72, 273), no 
basic salt is obtained by treating this compound either with cold or with 
boiling water The salt dissolves in dilute nitric acid, and is almost 
wholly precipitated therefrom by dilute sulphuric acid (Wackenroder, 
Ann, Pharm . 41,319 ) It dissolves abundantly in hot oil of vitriol, from 
which it is partly separated m the crystalline form on cooling, another 
portion is precipitated by water 
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The salt examined by Kane was obtained by double decomposition accord¬ 
ing to (3), it appeared to be anhydrous. 

E. Sulphate of Mercuric Oxide, or Mercuric Sulphate — a, Ter¬ 
basic,—Mumal Tiu'bite, Turpetkum minerale —1 The monobasic salt 
in the state of powder is triturated with considerable quantities of water 
—most advantageously with boiling water—which removes the greater 
part of the acid, in combination with a small quantity of oxide. If the 
action of the water be not continued long enough, a portion of the mono¬ 
sulphate remains undecomposed.—2. Mercuric nitrate is precipitated at a 
high temperature by sulphate of soda. When 108 parts of mercuric 
Oxide are dissolved m nitric acid, and the solution diluted with w ater, 
mixed with sulphate of soda, and then warmed, a precipitate is formed 
amounting to 97 2 parts (Geiseler ) By heating 108 parts of mercuric 
oxide with 16 2 parts of oil of vitriol and 540 of water, an orange-yellow 
mass is obtained, but not the true tuipdhum,. (Geiseler ) Bright lemon- 
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yellow powder, assuming a reddish colour while hot. Sp. gr. 6 444. 
(Watison ) Chlorine gas at ordinary temperatures decomposes it very 
slowly, and m the same manner as the oxide. (Pelouze ) Gives up all its 
acid to caustic potash (Donovan.) Dissolves m 2000 parts of cold, and 
600 of boiling water. (Fourcroy, Ann. Chun 10, 307 ) 
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5. Monobasic —1 When 1 part of mercury is heated with part of 
oil of vitriol, till the mixture Is perfectly dry, sulphurous acid gas is 
evolved ( Sch 23), and a white solid mass is evolved. If only 98 parts of 
oil of vitriol are used to 100 of mercury (as the formula would indicate), 
the product is mixed with unaltered mercury [and mercurous sulphate]; 
when 100 parts of mercury and 125 of oil of vitriol are used, mercury 
sublimes after the sulphurous acid has gone off, and the residue amounts 
to only 1*28 parts instead of 148, as it ought to be [It likewise contains 
mercurous salts ] 100 parts of mercuiy and 166 of oil of vitriol yield a 

residue amounting to 152 parts [the excess probably consisting of admixed 
oil of vitriol] (Geiseler, W Sr Arch 14, 115 ) A large quantity of 
undecomposed oil of vitriol evaporates with the sulphurous acid Pure 
mercuric sulphate dissolves completely m concentrated hydrochloric acid, 
if mercurous salt is mixed with it, a white residue is left, which, after 
washing with water, is blackened by potash.—2 108 parts of mercuric 

oxide are heated to dryness with water and more than 49 parts of oil of 
vitriol. 108 parts of mercuric oxide triturated with 48‘6 parts of oil of 
vitriol form, with evolution of heat, a dry compact lump, white on the 
outside, yellow and red within. When heated after trituration, it yields 
a reddish-white powder, and if this powder is heated with excess of oil of 
vitriol, till the latter evaporates, there remain 151 2 parts of salt 108 
parts of mercuric oxide heated with 540 parts of water and 194 4 parts of 
oil of vitriol, dissolve completely, and leave, after sufficient heating, 149 
parts of salt (Geiseler ) 

White opaque mast,, when ignited, it first turns yellow and then red, 
hut loses its colour on cooling (Mohr ) At a strong red heat, it is 
resolved into sulphurous acid, mercury, and mercurous sulphate. A sub¬ 
limate of metallic mercury is formed at the top of the tube, below that, 
white mercurous sulphate, and lowest of all, next to the undecomposed 
salt, a sublimate of mercuric sulphate. (Mohr.) The salt, when heated 
with charcoal, yields reduced mercury, and gives off equal measures of 
carbonic and sulphurous acid gases. (Gay-Lussac, J pr. Ckem . 11, 70.) 

HgO,S0 3 + C=Hg + SO 2 + CO-. 

When triturated with aqueous hydriodic acid, it immediately yields 
protiodide of mercury and free sulphuric acid (Mohr ) Mercuric sul¬ 
phate and common salt decompose each other, both in the wet and in the 
dry way (Miaihe), yielding sulphate of soda and protochloride of mercury. 
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It does not absorb hydrochloric acid gas at ordinary temperatures, but 
when gently heated, it takes up that gas abundantly—the absorption 
producing a rise of temperature, by which a portion of tbe chloride of 
mercury may be sublimed—and is converted into a mixture of piotocklo- 
nde of mercury and oil of vitriol: 

HgO,SQ 3 + HCl=HgCl + HO,S0 3 

Tbe mass does not smell of hydrochloric acid, it hisses when moistened 
with water, and absorbs water from the air, so that the sulphuric acid 
may be afterwards poured off from it in the dilute state, aftei the extrac¬ 
tion of the sulphuric acid by a small quantity of cold water, there remains 
a residue of corrosive sublimate After the sublimation of the mass, 
there remains a small quantity of mei curie sulphate, reproduced by the 
action of the oil of vitriol on the corrosive sublimate (Mohr ) According 
to Kane (Ann Pharm, 19, 5), the dry salt absorbs \ At. hydrochloric 
acid gas, the absorption being attended with rise of temperature, but not 
with decomposition. The hydrochloric acid thus taken up escapes rapidly 
on the applicatiou of heat, and slowly when the salt is exposed to the air; 
water extracts it immediately. Aqueous hjuhochloric acid likewise acts 
upon dry mercuric sulphate protochlonde of mercury being produced, with 
great rise of temperature and evolution of sulphuric acid (Mohr.) The 
vapour of anhydrous hj-drocyanic acid acts only upon the heated salt, 
which it converts into cyanide of meicury and sulphuric acid, by too high 
a temperature, however, mercury is immediately reduced and mercuious 
sulphate formed. Aqueous hydrocyanic acid likewise acts on the salt, 
causing rise of temperature, and forming a solution of cyanide of mercury 
and sulphuric acid, or acid mercuric sulphate The solution, when 
boiled, evolves gas, and deposits mercurous sulphate in the form of a 
white powder, while mercuric sulphate remains in solution. (Mohr, Ann, 
Pharm 31, ISO.) By water, the monobasic salt is resolved into the 
terbasic sulphate and a solution of the acid salt 100 parts of monobasic 
mercuric sulphate tieated with a large qua ntny of cold water, yield 70 55 
paits of teibasic sulphate, and 4 2 parts more on boiling, making in all 
74*75 parts, with a smaller quantity of watei, 77*5 paits of the terbasic 
salt are obtained. By long boiling with water, 71 09 paits of terbasic 
salt are produced, and a solution containing 10 11 parts of mercuric oxide 
to 10 08 sulphuiic acid [about 1 At mercuric oxide to 5 At. acid]. 
It Phillips. ( Phil Mag, Ann 10, 206 ) Geiseler, by boiling the monobasic 
salt, obtained only 6S per cent, of terbasic sulphate. 





Kane. 

HgO 

108 

72 97 

72*98 

SO 3 

40 

27*03 

27 02 

HgO, SO 3 

I4S 

100 00 

100*00 


c. Add Salt —108 pts. [1 At] of mercuric oxide heated with water 
require 195 pts. [4 At] oil of vitriol to dissolve them completely. 
(Geiseler.) According to the above-mentioned experiment of Phillips, 
5 atoms of dilute sulphuric acid are required for 1 At oxide. The solu¬ 
tion when evaporated, yields crystals, which have not been fuither 
examined. 

If. F. Mercuroso-mercitric Stjlphatf —Obtained by gently heating 
mercuroso-mercuric nitrate with sulphate of soda. Insoluble m cold water. 
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Hydrochloric acid decomposes it without the aid of heat, and separates 
mercurous chloride. 


2Hg 2 0 

4HgO 

2S0 3 


Brooke 


416 

44 88 . 

. 44 45 

44 21 

44 50 

432 

46 58 

46 84 

46 84 

46 26 

80 

. 8 54 

8 56 

8 60 



2Hg 2 Q,S0 3 -f-4Hg0 J S0 3 928 100 00 99 S5 99 65 

(Brooke, Pogg. 66, 63 ) IT 


Gr. Mercuric Sulphocarbonate —Hydrosnlphocarbonate of ammo¬ 
nia forms with mercunc salts a yellow precipitate, which changes in the 
course of a few hours, with separation of sulphide of carbon, first to 
orange, and then to greyish black, if quickly dned m vacuo, it is after¬ 
wards resolved by heat into cinnabar and bisulphide of carbon. (Zeise.) 
Berzelius, by mixing sulphocarbonate of calcium with a mercuric salt, 
obtained a black precipitate, which dissolved m excess of the precipitant, 
and m drying gave off sulphide of carbon, and was converted into black 
sulphide of mercury. 


H. Mercuric Hyposulphophosphite.— a. Bibasic .—2HgS,PS.— 
Formed by heating the compound I in a retort. At first, the compound 
K sublimes, and a dark mass is left, which, at a stronger heat, likewise 
sublimes completely m the form of 2HgS,PS. The latter forms shining 
crystals, of a lighter red than cinnabar, and yielding an orange-yellow 
powder. (Berzelius) 

b Monobasic —HgS,PS —Finely pounded cinnabar, heated m the 
bulb-apparatus (V 26) with protosulphide of phosphorus, absorbs the 
latter, with slight evolution of heat The excess of sulphide of phos¬ 
phorus is distilled off m a current of hydrogen gas. if too strong a heat be 
applied, globules of mercury separate out —Closely aggregated, dingy- 
red mass, yielding a brownish yellow powder. When exposed to the 
air, it becomes nearly black and then yields a blackish grey powder. 
(Berzelius, Ann. Pharm. 46, 256). For the decompositions by heat, 
md. inf* 

I. Mercuric Sulphosphosphite —2HgS,PS s .—Remains in the form 
of a yellowish white body, when HgS,PS is heated in a retort for a long 
time, at a temperature not exceeding the boiling point of sulphur, a black 
mass chiefly consisting of globules of mercury, likewise subliming at the 
same time The yellowish white substance, when heated till it volatilizes, 
is resolved into H, a, and K 

2(2HgS, PS 3 )=2HgS, PS + 2HgS,PS 5 . 

(Berzelius, Ann. Pharm . 46, 265 ) 

K Mercuric Sulphophqsphate —2HgS,PS 5 .—Formed by sublim¬ 
ing HgS,PS m a retort at a temperature higher than that required 
for the formation of the sulphophosphite. At first, mercury sublimes 
in the neck of the retort, which must be closed and kept warm; after¬ 
wards, the compound Iv is evolved, and forms a sublimate, crystalline 
throughout its whole mass, and partly consisting of delicate, highly 
lustrous, transparent, pale yellow needles.—2 By heating the sulpho- 
phosphite, whereupon K sublimes before the compound H, a. (Berzelius, 
Ann Pharm,, 46, 279 ) 
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L. Sulphate op Mercuric Oxide with Phosphide of Mercury. 
—Phosphuretted hydrogen gas passed through, an aqueous solution of 
acid mercuric sulphate, produces a heavy yellow precipitate, which 
soon turns white, it must be washed with cold water, pressed between 
blotting paper, and then dried in vacuo over oil of vitriol. After diying* 
it is yellow, but on exposure to the air absorbs water and turns white 
again When heated m a letort, it makes a slight crackling noise, and 
gives off, first a large quantity of sulphurous acid gas, then vapour of 
mercury, then sulphuric acid vapour, and leaves fused hydrate of phos¬ 
phoric acid. It dissolves completely m aqua-regia. (H, Rose, Pogg. 40,75 ) 


H. Rose. 


9Hg 

900*0 

76 57 

76*25 

P 

31*4 

2 67 

2 31 

4 SO 3 

160 0 

13 61 

13*19 

60 

48 0 

4 09 


4HO 

36 0 

3 06 



1175 4 

100 00 



Hg 3 ? 4-2 (3 Hg0,2S0 3 )4Aq—It is therefore a compound of triphosphide 
of mercury with sesquibasic mercunc sulphate, a compound not known 
in the separate state (H Rose). Hopkins {Sill Arnei J. IS, 364) states 
that he has obtained the sesquibasic sulphate m the fiee state 

M. Sulphate of Mercuric Oxide with Sulphide of Mercury. 
—Formed when an aqueous solution of acid mercuric sulphate is treated 
with a quantity of sulphuretted hydrogen not sufficient to decompose it 
completely. The white precipitate acquires a yellowish tmt by washing. 
(H. Rose). IT. According to Jacobsen ( Pogg . 68, 411), the precipitate, 
when washed with cold water, remains white after drying in the water- 
bath, merely exhibiting a faint yellowish tinge on the suiface, when 
washed with boiling water, however, it gradually acquires a yellowish 
colour, but undergoes no further change after drying at 100°. 

Jacobsen 


a b 


3Hg 

300 

80 80 

79 01 

80 87 

2S 

32 

8 56 

8 91 

8*99 

50 

40 

10 64 

12 08 

10 14 

HgS + 2HgO, SO 3 

372 

100 00 

100 00 

100 00 


a was washed with cold, b with boiling water. IT 


Mercury and Selenium. 

A. Selenide of Mercury. —The two substances, when heated 
together, combine without emission of light .—a When excess of mercury 
is used and the uncombined portion distilled off, there remains a solid, 
tin-white compound, which, at a high temperature, sublimes in metal- 
shining laramse, without previously fusing— b. When mercury is heated 
with excess of selenium, a portion of the latter element sublimes at first, 
then a grey, less distinctly crystalline substance, which is either a perse- 
lenide of mercury, or a mixture of the compound a with free selenium;— 
and lastly a sublimate of a is formed.—Selenide of mercury dissolves 
readily in cold aqua-regia, forming a solution of mercuric selenite; by 
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continued boiling with nitric acid, it is converted into mercurous selenite, 
which presents the appearance of a white powder, whilst a small poition 
of selenious acid remains dissolved m the nitric acid. (Berzelius ) 

B. Selentte of Mercurous Oxide, or Mercurous Selenite — 
Selenious acid and alkaline selenites give a piecipitate with mercurous 
nitrate—White powder, when heated, it fuses into a dark brown sub¬ 
stance, which becomes lemon-yellow on cooling, at a stronger heat, it 
boils, and passes o\er in brown drops, which become amber-yellow and 
mostly transparent on cooling. Hydrochloric acid converts it into pioto- 
chloride of mercury, the selenious acid being partly reduced to the state 
of free selenium, and paitly remaining dissolved m the liquid. The salt 
gi\es up all its acid to caustic potash. It is not soluble either in water 
or in aqueous selenious acid (Berzelius ) 

C Selenite of Mercuric Oxide, or Mercuric Selenite — 
a Monoselenite .—Formed by double decomposition, or by bringing mercuric 
oxide in contact with aqueous selenious acid —White powder, insoluble 
or very slightly soluble m water 

h . j B'selemte. —Formed by adding mercuric oxide to aqueous selenious 
acid, till the monobasic salt begins to separate out—then filtering and 
evaporating. Large prisms, longitudinally striated, having tbe taste of 
eoirosive sublimate; they contain a large quantity of water. The crys¬ 
tallized salt fuses m its water of crystallization when heated, tben 
solidifies, and finally sublimes unaltered Easily soluble m water, very 
slightly in alcohol, the aqueous solution is not precipitated by ammonia, 
and very slowly by alkaline carbonates, potash also throws down only 
part of the oxide Sulphurous acid precipitates white mercurous selenite, 
which soon acquires a scarlet colour, from the presence of reduced 
selenium. (Berzelius ) 

D. Sulphoselenide of Mercury. — Massive, granular, soft, of 
blackish lead-grey colour inclining to steel-grey, like Fahl-ore, it yields 
a black powder. May be completely sublimed in tbe form of a black 
crystalline powder When ignited with carbonate of soda, it yields 
metallic mercury. Burns with a blue flame. Fuses immediately on 
charcoal, emitting white vapours, having an odour of sulphurous acid at 
first, but afterwards that of selenium, and leaves on the charcoal a white 
incrustation, which, by continued blowing, is converted into white crys¬ 
talline mercuric selenite. Imparts a flesh colour to borax. Chlorine gas has 
no action on it in the cold, but, on the application of heat, easily converts 
it into chloride of sulphur, chloride of selenium, and chloride of mercury. 
By hydiochloric acid, and even by cold nitric acid, it is hut slightly if 
at all affected, but cold aqua-regia attacks it very quickly, separating 
cochineal-coloured flakes of sulphide of selenium, which fuse together 
into drops when heated. (Xastn, Arch . 14, 127, H. Bose, 46, 315.) 
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HgSe +• 4HgS 
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Mercury and Iodine* 

A. Diniodide of Mercury, or Mercurous Iodide.' —Protoioduve de 
Mercure — Preparation —1. By triturating 2 At mercury with 1 At. 
iodine;—It is best to add a little alcohol—200 parts of meicury tuturated 
with 126 of iodine yield a reddish mixture, which, on the addition of a 
small quantity of alcohol (which dissolves the iodine and transfeis it to 
the mercury), assumes a yellowish colour, the mcicuiy and iodine quickly 
disappearing. (Bertkemot, <7. Pharm . IT, 456 )—Even when only 124 
parts of iodine are taken with 200 of mercury, and rubbed up with a small 
quantity of alcohol, the greenish-yellow mixture still contains protiodide 
of mercury, which may be dissolved out by alcohol. 200 parts of mer¬ 
cury triturated with only 100 paits of iodine yield a darker, grass-green 
iodide. (Bertkemot, A T J. Pharm 4, 36 )—Boiling alcohol extracts a 
small quantity of mercuric iodide, even fiom the preparation made with 
200 parts of mercury and 100 of iodme, hut less than when higher pro¬ 
portions of iodme are used (Soubenan, Ihd )—If water be added to the 
mixture instead of alcohol, the meicury and iodme combine slowly m tbe 
cold, but quickly w T ben boated, foimmg a biown-red powder, which soon 
turns yellowish-green on being tntuiated with alcohol When 200 parts 
of mercuiy are tuturated with 125 paits of somewhat moist iodine, with¬ 
out further addition, the mixture becomes heated m consequence of the 
combination which ensues, so that the mass liquefies, with evolution of 
iodme vapours, and afterwards solidifies in the form of a brown-red slag, 
which is difficult to pulvenze by itself, but, on tbe addition of alcohol, is 
soon converted into a yellowish-green powder, (Silber, A 7 . By Arch , 
28, 62 ) —2. By triturating ] At protiodide of mercury with 1 atom of 
metallic mercury.—Bertkemot recommends 226 p ts protiodide to 100 6 
mercury, wutk the addition of a little alcohol .—3 By decomposing mei- 
cnrous nitrate, or, better, dicklonde of mercury or meicurous acetate with 
hydi iodic acid, or, better, with iodide of potassium 

Hg-O, NO 5 tKI= Hg-I tKO, NO 5 

Since mercurous nitrate is not soluble m water, except through the 
medium of a certain excess of acid, and since this excess lemains 
uncombmed unless the iodide of potassium contains caustic potash or 
carbonate of potash, an oxidising action will be tkeieby exerted, and, if 
the liquid he not quickly filtered, the diniodide of mercury will be con¬ 
verted Into protiodide, the admixture of which will change the colour of 
the precipitate from green to yellow. This effect is produced m a still 
greater degree when hydriodic acid is used, for the -whole of the nitric 
acid, is then set free The mercurous nitrate is likewise frequently con¬ 
taminated with mercuric^ nitrate, which immediately gives a precipitate 
of protiodide. The liquids must he mixed in equivalent proportion, 
because an excess of iodide of potassium converts a portion of the pie- 
eipitated diniodide of mercury Into protiodide, which dissolves, and 
metallic mercury, which remains mixed with tbe precipitate, but a slight 
excess of iodide of potassmzn is useful to dissolve the protiodide of mer- 
cury formed by the nitric acid, and thereby restore the green colour of 
the preciptate. fluglis, N. E. Henry, Ab J. Pharm 13, 40; Bertkemot; 

-Douliay ) Bichloride of mercury triturated with aqueous iodide of 
potassium Yields pure green diniodide of mercury. (Inghs, Phil Mag J . 
8,1 / ) Hg'Cl + KI = HgM q- KCL The two compounds must be mixed 
m the exact stoichiometric proportion^ of oot -" TT ~- / ' n x - 
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iodide, and an excess of iodide of potassium would separate metallic mer¬ 
cury —Tlie solution of mercurous acetate in cold water yields, with iodide 
of potassium, a green precipitate of puie mercurous iodide (T. Boullay); 
but the mercurous acetate is but sparingly soluble in cold water, and hot 
water partially decomposes it into mercuric acetate, whicli dissolves, and 
metallic mercury, which is sepaiated It is best, therefore, to triturate 
ciystallized mercurous acetate m the cold with aqueous iodide of potas¬ 
sium, whereby a gieenish-black powder is first produced, and afterwards 
a fine yellowish-green powder,* it is apt, however, to he mixed with 
undecomposed meicurous acetate, which cannot be extracted by cold 
water, and is resolved by bot water into mercuric acetate and metallic 
mercury—the latter remaining mixed with the mercurous iodide (Ber- 
thcmot ) [If exactly 259 pts (1 At) of mereuious acetate are used 
with 165 2 pt« (1 At ) of iodide of potassium, and left to act for some 
time, this admixture of mercurous acetate m the product need not be 
feared ] Protiodide of iron is likewise recommended instead of iodide of 
potassium foi preparing the dimodideof meicury—The green precipitate 
obtained by either of these methods is washed with hot water and dried 
in the shade. 

Properties . Green powder (Inglis), dark green, accoidmg to Boullay; 
yellowiteh-green, according to Berthemot Sp. gr. of the powder dried by 
a strong heat, 7 6645 (Karsten), 7*75 (Boullay). 

2Hg . 200 61 35 

I . 126 38 65 

Hg-I 326 100 00 

Diniodide of mercury, when exposed to light, becomes dark green and 
black. The darkening of colour takes place only when the compound is 
moist, in which case no free iodine is evolved, but hydriodic acid; pro¬ 
bably, therefore, mercurous oxide becomes mixed with the residue (Artus, 
J. pi Chem . 8, 63.) When kept for a few weeks m vessels containing 
air, even though quite impervious to light, the dmiodide of mercury is 
resolved into metallic mercury and protiodide, which forms dendritic 
excrescences, the decomposition does not take place underwater. (Inglis.) 
When sublimed, it is resolved into metallic mercury, which collects at 
the top, and a gieemsh-yellow sublimate, consisting of Hg 4 P, wbicb 
settles below it (Labouie, X J Phan a. 4, 329 ) When immersed in 
solution of protochlonde of tm, it giadually turns gieenish-black, then 
black, and lastly slate-grey, in consequence of stannic oxide becoming 
mixed m considerable quantity with the black powder (Laboure ) It 
dissolves m ammonia, leaving a grey lesidue [of mercury^]. (Wittstein, 
Peperi 63, 322 ) With aqueous hydriodic acid or iodide of potassium, 
it is resolved into protiodide of mercury which dissolves, and metallic 
mercury which remains behind. A similar action is produced at a 
boiling heat by the aqueous iodides of sodium, barium, calcium, mag¬ 
nesium, and zinc. (P Boullay; Laboure ) Boiling hydrochloric acid 
exhibits tbe same action, though very slowly, moreover, it requires 
frequent renewal. (Boullay.) The boiling solution of sal-ammoniac or 
common salt, likewise takes up a small quantity of protiodide of mercury, 
and separates metallic mercury (Boullay.) The iodide is converted into 
chloride, and thereby dissolved. (Mialhe ) Dmiodide of mercury dis¬ 
solves in more than 2375 parts of water (Saladin, J, CMm . med, 7, 530), 
but not in alcohol. 

D 2 
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B. Three-fourths Iodide of Mercury, or Mercuroso-mercuric 
Iodide. —This yellow compound was foimerly taken by Gay-Lussac, 
Colin, and others, for dmiodide of mercuiy, till Inglis, Boullay, and 
others, showed that it is richer m iodine. Preparation. 1. By precipi¬ 
tating a solution of mercurous nitrate with bydriodic acid or iodide of 
potassium, and not collecting the precipitate on the filter till the green 
colour has changed to yellow.—2 By dissolving m aqueous iodide of 
potassium half the quantity of iodine which it already contains, and 
adding that solution to a solution of mercuious nitrate The precipitate 
fiist ioimed consists of red iodide of mercury, but it turns yellow on 
agitation If too much of the solution of iodide of potassium containing 
excess of iodide has been added, the precipitate it mains mixed with prot- 
lodide of mercuiy, which, however, may be readily dissolved out by 
alcohol (P. Boullay ) 

Yellow powder, which turns red whenever it is heated. (Colin.) 
May be fused, and sublimes undecomposed on a sudden application of 
heat. (Colin.) Acqunesa dark carmine tint when heated, and afterwards 
sublimes m dark, carmine-coloured crystals, which again turn yellow on 
cooling. (Inglis ) 

Boullay. 

4Hg 400 51 41 . . 51 9 

31 378 48 59 48 1 

Hg 4 I 3 778 100 00 100 0 

Becomes dark and greenish when exposed to light (Colin, Inglis.) 
If exposed to light under water, it forms a few small cubes of mercuric 
iodide. In the dark, it remains undecomposed. (Inglis) Aqneous 
bydriodic acid, and the aqueous compounds of iodine with the alkali- 
metals, magnesium, and zmc, abstract mercuric iodide fiom it at first, and 
convert it into green mercurous iodide, which is then dissolved, with 
separation of mercury. (Boullay ) Alcohol extracts no mercuric iodide 
from the yellow compound—a proof that it is not a mere mixture of 
mercurous and mercuric iodide. (Boullay ) 

C Protiodide of Mercury, or Mercuric Iodide — Veuto-iodure 
de 2d. ercure —Del Bio ( Schw. 51, 253) attubutes this composition to a 
mineral found m Mexico, resembling cinnabar, hut having a lighter 
1 streak. It forms a magnificent water-colour, known by the name of 
scarlet , which, however, fades very quickly when exposed to light, and at 
* the same time destroys the colour of vermilion which may be mixed 
with it. It is likewise used in calico-pnntmg. 

Formation . 1 . When 1 At mercury is triturated with 1 At. iodine. 

IT According to Mohr {Arch* Fkarm . [2], 55, 29), iodine and mercuiy, 
when triturated together in exact equivalent proportion, do not unite 
completely in the form of mercuric iodide; but the resulting mass con¬ 
tains free iodine, which escapes when the product is dried over the water- 
bath, and mercurous iodide, which, when sublimed, is resolved into mer¬ 
curic iodide and metallic mercury H—2. When a mercuric salt is preci¬ 
pitated by bydriodic acid or a dissolved metallic iodide, such as iodide of 
potassium or iodide of iron: 

HgO,K0 5 + KI = Hgl t KO,N0 5 . 

Or * HgCl + KI = Hgl -r KCI. 

3. When iodine is triturated with mercurous oxide and water, or with 
solution of mercuious nitrate, mercuric oxide being formed at the same 
time; or when iodine is triturated with mercuric nitrate, 

Hg'O tl = Hgl — HgO. 
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4. When iodine is triturated with mercuric oxide and water, a large 
quantity of [oxygen] gas-bubbles being given off at the same time. (Vau- 
quelin) Rammelsberg, on the contiaiy ( Pogg 48, 182), on boiling 
mercuric oxide with iodine and water, obtained a solution of mercmie 
iodide mixed with lodate.—5. When iodine is triturated with mercuric 
nitrate—whereupon no gas is evolved, and a pale precipitate containing 
oxygen is obtained. (Vauquelm.) It is probable that mercuric iodate 
becomes mixed with the iodide m this process . 

6(HgO,N0 5 ) + 61 = 5HgI -r HO, I0 5 + 6N0 5 . 

6. When iodine is triturated with dichloride of mercury and with water, 
which takes np the protochloride of mercury produced in the process 
(Landerer)—7. When iodine is triturated with cyanide of mercury, 
iodide of cyanogen being formed at the same time. 8. When dmiodide 
of mercury is brought in contact with iodine or its aqueous solution 
9. When dmiodide of mercury is tiiturated and heated with water and 
tenodide of arsenic, the action being attended with reduction of arsenic. 
(Soubeiran, J. Pharm, 27, 744.) 

Preparation 1. By triturating 1 At. mercury with 1 At. iodine, tbe 
mixture being moistened with water or alcohol. 100 parts of mercury 
triturated with 124 7 parts of iodine, and frequently moistened with a 
very small quantity of alcohol, yields a red mixture, tbe colour of which 
is mferioi to that obtained by (2), if too much alcohol is used, tbe combi¬ 
nation is attended with a rise of temperature, which causes the mass to 
fuse, and the iodine to evaporate (Berthemot, J Pharm . L7, 436) 
IF Dub lane (X. J Pharm. 15, 64) pours a kilogramme of alcohol on 100 
grammes of meicury, and adds 124 grammes of iodine in successive por¬ 
tions of 10 grammes each, agitating after each addition till tbe alcohol 
becomes perfectly colourless, after tbe addition of the last 4 grammes, 
the alcohol remains coloured, because tbe whole of tbe mercury is then 
converted into iodide. The preparation is washed with alcohol; it is 
crystalline, and of a hyacinth-red colour IT —2 By precipitating an 
aqueous solution of mercuric nitrate or chloride with hydnodic acid, 
iodide of potassium, or protiodide of iron, and washing the precipitate 
with water. Unless the materials are mixed in exactly equivalent pro¬ 
portions, part of the iodide of mercury remains dissolved in the excess of 
the mercuric salt, or of the iodide of potassium (Boullay.) 

Properties. Protiodide of mercury is dimorphous, its form varying 
with the temperature. 

a . Red modijieatio?i , Both the preceding modes of preparation yield 
the compound m the form of a scarlet powder. By dissolving this 
powder to saturation in a boiling, moderately-dilute solution of iodide of 
potassium, and leaving it to cool (Boullay, Mitscherlicb)—or in boiling 
aqueous iodide of zinc, and evaporating m vacuo (Inglis)—or by dissolving 
iodine to saturation in solution of mercuric nitrate, keeping the liquid 
boiling all the while, and replacing the water as it evaporates, and 
leaving the solution to cool,—the mercuric iodide is obtained m definite 
crystals. Crystalline system, tbe square prismatic Acute square-based 
octohedrons (Fig. 21), but always with truncated summits: e : d r = 141°; 
p : c = 109 a 30 ( (Mitscherlich, Pogg 28, 117.) According to this state¬ 
ment, the cubes and prisms observed by Boullay and Inglis must be 
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regarded as square prisms of different lengths. Specific gravity, 6*2009 
(Karsten), 6*320 (Boullay). Fuses readily into a dark amber-yellow 
liquid (Warington), which on cooling solidifies in a yellow crystalline 
mass, in which the iodide of mercury has assumed the form b } this, when 
cooled to a lower temperature, resumes its bright red colour, not gra¬ 
dually hut suddenly, individual crystals which have remained yellow 
even after perfect cooling, immediately turn red on touching them with 
the fingers, or agitating the paper on winch they lie. (Mitselierlich ) 
According to Mather (Sill, Amer J 27, 263), the fused mass, immediately 
after solidification, exhibits a red colour, which afterwards turns yellow 
and remains so, hut is immediately reddened by contact with potash-ley. 
It volatilizes easily without decomposition, and sublimes in yellow 
crystals, h , by very careful heating, red square-based octohedi ons may 
likewise be sublimed, together with the yellow crystals. (Warington.) 

h. Yellow modification —Produced from a by fusion and cooling, or 
by sublimation, but the crystals pass suddenly into the yellow modifica¬ 
tion even at a heat at which they neither fuse nor sublime (Mitscher- 
lich.) When mercuric salts are piecipitated by iodide of potassium, the 
modification b is likewise thrown down m the foim of a yellow powder, 
which afterwards changes into the scarlet variety a. The piecipitate 
obtained with chloride of mercuiy, appears at first, when examined by*the 
microscope, to he composed of rhombic lamina:, which are colourless by 
transmitted, and yellow by reflected, light; these, however, gradually alter 
in form by truncation of the edges and corners, as if they were dissolving, 
their dimensions being thereby continually reduced until they ultimately 
disappear, and red, square-based octohedrons are produced in tbeir place. 
(Warington, Phil Mag J. 21, 192.) Crystalline system the right 
prismatic (Fig 61), u u ! z=z 114°. (Mitscberlich) The piisms are 
shortened into tables; (according to Frankenheim, they belong to the 
f oblique prismatic system) Colour, lemon-yellow. At ordinary tempera¬ 
tures, the yellow crystals are converted into the red by very slight causes. 
[Compare the observations of Haye& and Frankenheim (I 100) ] If one of 
the rhombic lammse be obsexved under the microscope while it is turning 
red, it will be found that the red colouring progresses by sudden starts, 
and is always bounded by a line parallel either to a lateral face or to a 
diagonal. (Warington, Phil, Mag, J 21, 192.) 

Vol, Sp. gr, 

Hg 100 . 44 25 Yapour of mercury 1 6 9300 

I . - 126 55*75 Yapour of iodine .. 1 8 7356 

HgX 226 . 100 00 . Yapour of meicunc iodide 1 15 6656 

Potassium triturated with iodide of mercury abstracts the iodine, the 
action being attended with evolution of light and heat. (Rammelsberg, 
Fogg. 48, 180 ) Many of tbe heavy metals, either alone or with the aid 
of water, withdraw all or half the iodine, and the resulting metallic iodide 
sometimes unites with part of the iodide of mercury, forming an iodine- 
salt. When mercuric iodide is heated and triturated with different metals 
and water, the following results are obtained — Zinc; great evolution of 
heat, with formation of iodide of zinc and zinc-amalgam.— Cadmium . 
decomposition, attended with formation of iodide of mercury and cadmium. 
Tin: decomposition takes place slowly, after half an hours boiling, tin- 
amalgam forms, and stannic oxide is precipitated (inconsequence of access 
of air)* but the liquid still contains undecomposed protiodide of mercury. 
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besides protiodide of tin.— Iron * dmiodide of mercury is first produced, 
with slight rise of temperature, afterwards, especially if heat be applied, 
metallic meieury separates, while protiodide of iron, together with a cer¬ 
tain quantity of undecomposed protiodide of mereuiy, dissolves in the 
liquid — Copper dmiodide of mercury is first formed, then, after long 
boiling, metallic mercury separates, together with diniodide of copper. 
Lead or Silver . dmiodide of meieury, together with iodide of lead or 
iodide of silver— Bismuth or Antimony, finely pounded and boiled with 
water, the liquid contains acid hydnodate of bismuth-oxide or antimonic 
oxide, with a small quantity of iodide of mercury. (Berthemot, J. Pharm. 
14,610) Protiodide of meicuiy immersed m aqueous protochlonde of 
tin is decomposed, and continues to part with its iodine—becoming first 
yellowish-red, then yellow (Hg 4 I 3 ), then greenish-yellow, then green 
(Hg 2 I), till it is ultimately converted into a mixture of metallic mercury 
and stannic oxide (Labourc.) Mercuric iodide yields with aqueous 
ammonia a brown powder and a yellow liquid, which deposits snow-white 
flakes (Bottger, J. pr . Chtm S, 4S]), when immersed m ammonia, it 
turns white, and afterwards brown-red when heated (Wittstem, Repert. 
63, 322 ) Fixed alkalis, in the state of solution, separate mercuric oxide 
from the iodide (or if very dilute, a compound of the oxide and iodide : 
Rammehbe)g), and form a soluble compound of iodide of mercury with 
the iodide of the alkali-metal When mercuric iodide is boiled with 
aqueous potash, mercuric oxide separates out, and there is formed a 
yellowish solution of iodide of meieury and iodide of potassium 
pHgl -t- KO=HgO + KI, 3HgI], which, on cooling, first deposits Hgl, 
and then greenish-yellow needles of KI, 2Hgl Alcoholic potash acts in 
the same manner, but still more easily. Soda, baryta, and stiontia 
behave in a similar manner, and yield iodine-salts. Lime also produces 
a similar effect, when boiled with alcohol, but if water be substituted for 
the alcohol, no decomposition takes place Similarly, carbonate of potash 
or soda does not decompose mercuric iodide, when boiled with it in water, 
hut when alcohol is used, the decomposition is produced, the alcohol 
appeals to favour the action by its solvent power Magnesia, carbonate 
of magnesia, and alumina produce no decomposition in the humid way. 
(Berthemot, J Pkarm. 14, 186 ) Mercuric iodide dissolves in aqueous 
chloride of lime, when the solution is heated, and as it begins to boil 
deposits ba^-ic penodate of lime in the form of a white jelly, while proto- 
chloride of mereuiy dissolves m the liquid. (Rammelsberg, Pogg 48,182.) 
When chlorine gas L parsed thiough water in which iodide of mercury is 
diffused, a blight yellow solution is foimed, coutaiuing protochlonde of 
mercury and terchlonde of iodine. (Filhol ) 

Protiodide of mereuiy is very sparingly soluble m water. The solu¬ 
tion, left to evapoiate fieely, deposits brownish, microscopic, acute, six- 
sided crystals, and obtuse rhombohedrons, probably consisting of mercuric 
oxide. (Saladin, J, Chun. mid. 7, 530 ) It dissolves in many aqueous 
acids, viz , m hydnodic and hydrochloric acid, also in many ammoniaeal 
salts, and m aqueous chloride of potassium It dissolves completely in 
hot aqueous carbonate or sulphate of ammonia, and even in cold hydro- 
chlorate or succinate of ammonia (Wittstein), also m cold nitrate of 
ammonia (Brett ) The solution m hot sal-ammoniac deposits part of the 
mercuric iodide m needles as it cools, and the rest when diluted with 
water. On boiling with sal-ammoniac and alcohol, a solution is obtained, 
which deposits nothing on cooling, but yields crystals of mercuric iodide 
when evaporated, and is precipitated by water. (Bottger.) 2 26 ptff. 
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(1 At.) of mercuric iodide dissolve in a hot, saturated, aqueous solution of 
387 pts (5 At , 5.74*6 = 373) of chloride of potassium, during the 
cooling of the solution (which is precipitated yellow by water), the greater 
part of the iodide of mercury separates out m ciystals, which are yellow at 
first, but soon turn red, the mother-liquid, when diluted with water, still 
deposits a small quantity of mercuric iodide, so that the filtrate is but 
slightly browned by an alkaline hydrosulphate A similar reaction is 
produced by sal-ammoniac. (P. Boullay, Ann Chim Phys 34, 364.) 
Protiodide of mercury likewise dissolves m aqueous hydrochlorate, 
nitrate, or acetate of mercuric oxide—m aqueous solutions of the metallic 
iodides, with which it forms iodine-salts, the compounds which BonsdorfF 
calls Iodo-hy dr argyrates —in hot alcohol, from which it crystallizes on 
cooling—and sparingly in ether. 

D. Mercuric Oxy-iodide. —3HgO,HgI.— 1 Formed by fusing 3 At. 
mercuric oxide with 1 At. mercuric iodide.—2 Mercuric iodide heated 
with dilute potash leaves a small quantity of a yellowish-brown powder, 
consisting of mercuric oxy-iodide, generally mixed with mercuric oxide. 
This powder, if exposed to a current of ammomacal gas, after being dried 
at 120°, gives off water and yields a red-brown compound =Hg,NH 2 ,HgI, 
2HgO. (Rammelsberg, Fogg. 48, 1S2 ) 

3HgO,Hgl -r NH 3 = HgNH-,HgI,2HgO + HO. 

E. Iodide of Mercury and Hydrogen, or Acid Hydriodate of 
Mercuric Oxide — 1 The concentrated aqueous solution of 127 pts. 
(1 At) hydriodic acid dissolves, when heated, 456 pts (2 At, 2.226 = 452) 
of mercuric iodide. Of this quantity it deposits, on dilution with water, 
228 pts. (1 At.), so that 228 pts (1 At.) of mercuric iodide remain dis¬ 
solved in the hydriodic acid. If the heated solution be left to cool without 
the addition of water, mercuric- iodide crystallizes out first, and subse¬ 
quently the liquid deposits yellow transparent needles The mother- 
liquid, on dilution with water, deposits an additional quantity of mercuric 
iodide. The same needles are obtained by dissolving iodide of mercuiy in 
warm aqueous hydriodic acid, and evaporating the solution in dry, and 
somewhat rarefied an In warm dry air, they give off hydiiodic acid, 
and are converted mto red iodide of mercuiy "Water separates red iodide 
of mercury from them, taking up the hydriodic acid in combination with 
a small quantity of iodide of mercury. Hence the needles are resolved, 
even in common air, into iodide of mercury and aqueous hydriodic acid 
(still containing iodide of mercury). (P. Boullay, Ann . Chun. Phys 34, 
340.) [Probably tbe crystals, like the saturated, concentrated solution, 
are composed of 2HgI,HI,—or, if they contain water, of 2HgO,3HI 
Boullay gives another formula ] 

Biniodide of Mercury^ HgP, is said by Hunt (Phil Mag . J. 12, 27; 
also e/. pr. Chem 14, 3 20) to be obtained by precipitating aqueous proto¬ 
chloride of mercury with aqueous iodide of potassium, previously satu¬ 
rated with iodine. The purple-brown precipitate, which contains 27 9 
parts of mercury to 72*1 of iodine, is converted into red iodide of mercury 
by heat or by exposure to the air, &c. [Probably a mere mixture of 
mercuric iodide with iodine.] 

b F. Iodate of Mercurous Oxide, or Mercurous Iodate. —Iodic 
acid or iodate of potash forms with dissolved mercurous nitrate, a white 
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precipitate baying a pearly lustre. (Vauquelin ) If the mercurial solution 
does not contain too much free acid, the mercury is completely preci¬ 
pitated by an equivalent quantity of icdate of soda (Rammelsberg ) 
The salt is anhydrous and volatilizes completely vhen heated, being 
resolved into mercuric iodide, metallic meicury (mercuiic oxide : Lefort ), 
and oxygen gas (Rammelsberg, Fogg 44, 570) : 

Hg-0 +10 5 = Hgl + Hg + 60. 

It dissolves easily and completely in dilute hydrochloric acid, giving rise 
to an evolution of chlorine (Rammelsberg); according to Lefort (A 7 *. J. 
Fkcirm . 8, 5), it is converted into chloride of iodine, protochlonde of 
mercury, and free chlorine. Ammonia added to the hydrochloric acid 
solution forms a precipitate of iodide of mtiogen. It dissolves, but not 
very freely, m nitric acid (Rammelsberg), being thereby converted into 
the mercuric salt (Lefort) It is soluble in iodic acid, and to a very 
slight degree m water. (Pleischl ) 

G. Iodate of Mercuric Oxide, or Mercuric Iodate. —Iodic acid 
and iodate of potash or soda give no precipitate with mercuric salts. 
(Pleischl, Rammelsbeig.) If mercuiic oxide precipitated by potash and 
then washed, be heated, while yet in the moist state, with aqueous 
hydriodic acid, it does not dissolve, but is quickly converted into 
white, pulverulent mercuric iodate. The oxide prepared by ignition 
is not affected by iodic acid. The salt is anhydrous, and when 
heated, gives off oxygen and is completely converted into protiodide 
of mercury. With hydrochloiic acid, it behaves m the same manner 
as the mercurous salt. Stannous sulphate added to the solution throws 
down red iodide of mercuiy, winch is then conveited into the yellow 
modification. (Rammelsberg, Fogg . 44, 570.) 

Rammelsberg. 

HgO 108 39 42 . . 39 83 

IO 5 166 60 58 60 17 

HgO,IO^ 274 7 100*00 77 100 00 

H and I. Mercurous and Mercuric Periodates. —Periodate of 
soda forms with mercurous nitrate a yellow precipitate, which, when 
gently heated, gnes oft' water and assumes a brown-red colour, with 
mercuric mtiate, the same reagent gives a white precipitate which 
becomes yellowish when heated Both these precipitates are easily 
soluble in dilute mtnc acid (Beuckiser, Ann. Fhcum 17, 259 ) 

K. Mercuric Iodo-sulphide —HgS.Hgl —When piotiodide of mer¬ 
cury is digested for a considerable time v ith a quantity of sulphuretted 
hydrogen water, not sufficient for its complete decomposition, a yellow 
powder is obtained, which, on account of its lightness, may easily be 
separated from the undecomposed iodide by levigation, when heated, 
it first yields a sublimate of mercuric iodide and then of mercuric sul¬ 
phide. (H. Rose).—2. From a solution of mercuric oxide and mercuric 
iodide m hydrochloiic acid, a small quantity of sulphuretted hydrogen 
throws down an orange-yellow precipitate of iodo-sulphide of mercury, 
which, by a larger quantity of sulphuretted hydrogen, is converted 
into black mercuric sulphide. (Rammelsberg, Fogg 48, 175 ) 

L. Mercuric Iodq-sulphate. —Hgl -f HgO,SO 3 .— Formed, with evo- 
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lution of sulphurous acid, when dmiodide of mercury is heated with 
sulphuric acid; it crystallizes out as the liquid cools . 

Hg-14- 2SO ,J = Hgl + HgO.SO 3 + SO 2 . 

If protiodide of mercury be used, vapours of iodine are given off at 
the same time The crystals may be washed with strong alcohol 
without decomposition, but water decomposes them When heated, 
they aie resolved into mercuric iodide, which sublimes, and mercuric 
sulphate, which remains behind. (Souville, J. Pharm . 2d, 174.) 


Mercury and Bromine. 

A. Dibromide op Mercury, or Mercurous Bromide.— 1 . Formed 
by subliming an intimate mixtuie of i At mercury and 1 At proto¬ 
bromide of mercury. (Lowig)—2 By precipitating mercurous nitrate 
with aqueous bromide of potassium (Balard) When prepared by the 
fiist process, it forms a fibrous mass (Lowig); long needles which are 
yellow while hot, but become whitish on cooling (0. Henry, J. Pharm . 
15, 56.) By (2)* white powder (Balaid), yellowish white flakes. 
(0. Henry.) Specific gravity, 7 307. (Karsten ) Fusible (0 Henry), 
volatilizes undecomposed at a low red heat. (Lowig) Tasteless and 
inodorous. 

Vol. Sp. gr. 

2Hg 200*0 71 84 Vapour of mercury 1 6 9300 

Br 78 4 28 16 Vapour of bromine 4 2 7177 

Hg 2 Br 278 4 . 100 00 Vapour of mercmous bromide 1 9 64 77 

When heated with phosphorus, it is resolved into bromide of phos¬ 
phorus and phosphide oi mercury (Lowig ) Treated with cold aqueous 
ammonia, and then washed with water containing ammonia, it leaves a 
grey powder, which contains globules of mercuiy, and when heated, gives 
off ammonia, and yields a sublimate of mercuiy, dibiomide, and proto¬ 
bromide of mercurv (Rammelsbei g) With caustic potash, it yields 
meicurous oxide and bromide of potassium. When boiled with aqueous 
hydrobromate or hydioehlorafe of ammonia, it yields a solution of proto- 
bzomitle of meicury, with a residue of metallic mercury (Lowig.) It is 
not perceptibly soluble in cold caibouate, hydiochlorate, or succinate of 
ammonia; while the same liquids, "when hot, dissolve it with tolerable 
facility, leaving, however, a grey pulverulent residue [metallic mercury] ; 
it is not perceptibly soluble m sulphate of nitrate of ammonia, even at a 
boiling heat. (Wittstein.) 

B. Protobromide of Mercury, or Mercuric Bromide. —1. Mercury 

unites with bromine at ordinary temperatures, the combination being 
attended with evolution of heat, but not of light. (Balard.)—2 The same 
compound is formed by agitating mercury with water, adding bromine as 
long as its colour is destroyed, then boiling, filtering, and leaving the 
solution to crystallize.— S. By dissolving mercuric oxide m hot aqueous 
liydrobromic acid, and leaving the solution to crystallize —4 By subliming 
mercuric sulphate with bromide of potassium (Lowig) The sublimate 
contains also dibromide of mercury. (O. Henry ) 5. By mixing aqueous 

meicurie nitrate with bromide of potassium, evaporating as long as bromide 
-of mercury crystallizes out, and purifying the product by solution in 
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alcohol. The mother-liquid evaporated to dryness leaves a residue, from 
which boilmg alcohol still extracts a small quantity of the compound. 
(Lowig.) Crystallizes from the aqueous solution in soft, silvery lammse; 
from the alcoholic solution m white needles, (Lowig j The product 
obtained by (5) has, after drying at a strong heat, a specific gravity of 
5*0202. (Karsten.) Fuses when heated (Lowig), and sublimes. (Balaid, 
Lowig ) Its aqueous solution reddens litmus, (v. Bonsdorff.) 


Hg 

Br 

100 0 
78*4 

. 56 05 

43 95 

Vapour of mercuty 

Vapour of bromine 

Vol 

1 

1 

Sp gr. 
6 9300 
5 4355 

HgBr 

178 4 

100 00 

Vapour of mercuric biomide 

1 

12 3655 


With phosphorus it forms bromide of phosphorus. Heated with 
antimony or arsenic, it gives up its bromine Its aqueous solution 
exposed to sun-light, or placed in contact with mercury or copper, or 
mixed with dibromide of copper dissolved in hydrobroimc acid, deposits 
dibronnde of mercury. (Lowig.) With a small quantity of sulphuretted 
hydrogen, it yields a white, and with a larger quantity, a black precipitate. 
(H. Rose ) With ammonia it forms a white, with fixed alkalis a yellow 
precipitate. (Lowig ) Hypochlorite of soda added to the solution throws 
down mercuric oxychloride (Rammelsberg); and hypochlorous acid con¬ 
verts* protobromide of mercury into protochlonde of mercury and bromate 
of mereunc oxide, the action being attended with evolution of chlorine 
and bromine (Balard.) Heated with nitric acid or oil of vitriol, it gives 
off vapour of bionline (Balard) According to H Ro&e {Analyt Chem .), 
it is not decomposed by oil of vitriol. Dissolves m 94 parts of water at 9° 
(Lassaigne, J. Chun. 7/ied 12, 171), and m 4 or 5 parts of boiling water, 
the greater part separating out again as the liquid cools Combines with 
basic metallic bromides, forming easily soluble bromine-salts, which 
Bonsdorff calls Bromo-hyth argymtes, and losing thereby its power of 
reddening litmus (Bonsdorff.) It dissolves very easily m alcohol, and 
still more easily m ether. (Balard.) 


C. Mercuric Oxybromide. — 1 . The solution obtained by boiling 
protobromide and protoxide of mercury with water deposits this com¬ 
pound on cooling. (Lowig.)—2. It is also obtained by mixing aqueous 
bromide of mercury with less than an equivalent quantity of potash, 
and boiling the liquid with the precipitated oxide (Lowig .)—S By 
precipitating aqueous bromide of mercury with carbonate of soda. 
(Rammelsberg) By (1) and (2): lemon-yellow, crystalline powder, 
which separates from the aqueous solution m yellow"spieuke (Lowig); 
by (8) : dark brown powder. (Rammelsberg, Pong. 55, 248 ) 


4Hg 

400 0 

79 62 

Br 

. 78 4 

15 61 

30 

24-0 . 

4 77 

HgBr, 3HgO 

502 4 

100 00 


Rammelsberg. 

80*05 


At a gentle heat, it is resolved into oxygen gas, a sublimate of dibro¬ 
mide and protobromide of mercury, and a residue of mei curie oxide. 
(Lowig ) When heated, it yields oxygen gas and a sublimate consisting 
of metallic mercury and protobromide." By boiling potash, it is wholly 
converted into pure mercuric oxide (Lowig.) Does not change in appear¬ 
ance when boiled with potash. (Rammelsberg.) Nitric acid dissolves out 
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tlie oxide, and leaves a white residue of mercuric bromide. (Rammelsberg ) 
Insoluble in cold water, sparingly soluble m hot water, easily soluble m 
alcohol. (Lowig.) According to Rammelsbeig, it 13 insoluble m alcohol. 
Did Lowig’s compound contain a smaller quantity of oxide 2 

^ D. Bromide op Mercury an>d Hydrogen.— Aqueous hydrobromic 
acid of specific gravity 1*18, satuiated at 40° with biomide of mercury, 
forms a thickish liquid, which contains 2 atoms of mei curie bromide to 
1 atom of hydrobromic acid, and on cooling or dilution with water 
deposits half its bromide of mercury, so that 1 atom of mercuric bromide 
remains m combination with 1 atom of hydrobromic acid. 1 At. warm 
aqueous hydnodic acid and 1 At cold concentrated hydrochloric acid 
dissolve 2 At mercuric bromide, and 1 At. warm concentrated hydro™ 
chloric acid dissolves 4 At mercuric bromide. (Lowig) 

Mercuric oxide digested in biomme-water forms a slightly soluble 
oxybromide, and a liquid, which, besides a small quantity of oxybromide, 
contains hypebromite of mercuric oxide , or free bypobromous acid, and 
gives off the latter by distillation m vacuo. (Balard.) If heat be applied, 
the products formed are protobromide of mercuiy and bromate of mercuric 
oxide. (Lowig.) 

E. Bromate of Mercurous Oxide, or Mercurous Bromate — 
a. Bibasic —Remains undissolved on treating b repeatedly with fresh 
portions of warm, hut not boiling water Lemon-yellow, granular powder, 
which does not contain water. When heated, it is decomposed with a 
hissing noise, the greater part being thrown about; the products are free 
bromine and mercuric oxide. Becomes grey on exposure to light. A 
small quantity of nitric acid conveits it into 6, which then dissolves m a 
larger quantity of the acid. (Rammelsberg, Pogg 55, 79 ) 

Rammelsberg. 

2Hg-0 . 416 0 77*84 . . 78-41 

BrO 5 118 4 22 16 

2Hg-0,Br0 5 . 534 4 100 00 

b Monobasic ,—Bromic acid and bromate of potash give a yellowish- 
white precipitate with mercurous nitrate (Lowig ) The salt is best pre¬ 
pared by precipitating mercuious nitrate m the cold with bromate of 
potash. The white precipitate, when washed for some time, acquires a 
yellowish colour, from foimation of a small quantity of the salt a , a few 
drops of nitric acid, however, turn it white again. (Rammelsberg ) White 
powder, crystallizes from the solution in excess of aqueous bromic acid, 
on evaporation and cooling, m white laminae. Contains no watei. 
Detonates when heated, but much less strongly than the mei curie salt, and 
yields metallic mercury When washed with water, it turns yellowish, 
and when treated with hot water, it is completely converted into a. The 
solution thereby obtained, which contains mercurous bromate with excess 
of acid, yields, on evaporation, the salt b m laminae, and the mother- 
liquid, when further evaporated, gives off bromine, and yields needles of 
mercuric bromate, because the excess of bromic acid exerts an oxidizing 
action. The salt dissolves with some difficulty m nitric acid, but easily m 
hydrochloric acid, with formation of mercuric chloride. (Rammelsberg.) 

Rammelsberg. 

Pulverulent, Laminated . 

Hr'O . 208*0 ... 63*72 .. 63*36 . 62 52 

BrO 5 118 4 . . 36 28 

HrO,Br0 5 


326 4 .... 100-00 
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F. Bromate of Mercuric Oxide, or Mercuric Bromate — 

1 Formed by digesting mercuric oxide with bromine-water, evaporating 
and dissolving out tbe meicurie bromide formed at the same time with 
alcohol, in which the bromate is but very slightly soluble. (Lowig.) 
2. By precipitating mercuric nitrate with bromate of potash (Lowig ) 

3 Recently precipitated mei curie oxide immersed in aqueous bromic acid 
is converted into a while salt, but little of which dissolves m the acid 
liquid, and that which does dissolve maybe recoveied by evaporation 
(Rammelsberg.) White powdei, crystallizes fiom the boiling aqueous 
solution m small prisms (Rammelsberg.) Greyish-white powder (Lowig.) 
Detonates sharply even at temperatures between 130 3 and 14CP, the 
gi eater part volatilizing m the foim of a red vapour consisting of oxygen 
gas, bromine, dibromide, and protobronnde of mercury, and metallic 
mercury, while a small quaotity of mei curie oxide remains behind. The 
salt is easily decomposed and dissolved by hydrochloric acid. Dissolves 
slightly in nitric acid, m 650 parts of cold water, and 64 parts of boiling 
water. (Rammelsberg, Fogg 55, 79.) 

Powder , Rammelsberg. 

HgO , 10S 0 .. 44 19 . 45 4 

BrO 5 ... 118-4 . 48*44 45 6 

2HO . . 18-0 7*37 

HgOjBrO^-r 2A<p 244*4 ~ 100 00 

Gr. Mercuric Phosphobromide —Phosphuretted hydrogen gas passed 
through aqueous mercunc bromide, yields a brownish-yellow precipitate, 
which turns black under water, and is reduced to tbe state of metallic 
mercury. (H. Rose ) 

H. Mercuric Sulphobromide —Hydrosulphuric acid gas gives with 
mercuric bromide the same reactions as with the chloride. An excess of 
hydrosulphuric acid throws down black protosulphide of mercury, but a 
smaller quantity precipitates a white compound of the protosulphide with 
the protobromide. The same compound is obtained by digesting recently 
precipitated black sulphide of mercury with the aqueous solution of the 
bromide. After drying, it is yellowish-white. When heated, it is 
resolved into mercuric bromide and cinnabar. It is blackened by alkalis, 
but less quickly than the corresponding chlorine compound. It is 
neither decomposed nor dissolved by nitiic acid or oil of vitriol at a 
boiling heat. 

H. Rose. 

3Hg . 300 0 . 73*10 

2S 32-0 . 7 80 ... 7*89 

Br 78 4 19 10 

2HgS,HgBr 410-4 7TT 100 00 

Mercury and Chlorine. 

A. Dichloride of Mercury, or Mercurous Chloride.— Subckloride 
of Mercury , Submuriate of Mercury , Salzsaures QuecksiIberoxyclul, Ver- 
susster Sublimat, Yersusstes Queclsilber, Mercur ius dulcis s. Kalomelanicus 
s. loiicus, Calomel , Draco mitigatus , Aqnilu mitigata s. alba s. codestis, s. 
Mercurn, Panacea mercunahs $. cahstis, s Mercian , Protuchlorure de 
Mercure — Found native in the form of Honi-quiclsiher. 
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Formation . 1 . Mercury slowly absorbs chlorine gas at ordinary 
temperatures, and produces a grey, pulverulent mixture of mercury and 
the dichlonde; when introduced into chlorine gas at a boiling heat, it 
burns with a yellowish-red flame, producing dichlonde and protochloride 
of mercury.—2 Mercury, electrified for a considerable time in contact 
with hydrochloric acid gas, separates the hydrogen, and is itself converted 
into calomel—3 Meicury agitated with aqueous sesquichlonde of iron, 
yields calomel and aqueous protochloride of iron, the action is accele¬ 
rated by the presence ot free kydrochlonc acid (Schaffhautl )—4 Calomel 
is likewise formed on bringing mercurous oxide m contact with hydro- 
chlonc acid, or a mercurous salt with the chloride of an alkali-metal — 
5. On heating a mixture of meicury and the protochlonde. 

Preparation 1 By triturating 4 pts. (1 At) of mercuric chloride 
with 3 pts (1 At ) of mercury, the mixture being moistened with water 
or alcohol, and the trituration continued till the mercury has lost its 
fluidity—then gradually heating the mixture in a glass flask or retort 
till it sublimes 4 3 is nearly the same xatio as 1 35 4 * 100 A large 
poition of the protochlonde of meicury is conveited into dichlonde during 
the trituration. Trautwein heats the deadened mixture, gently at first, 
fox a few hours, and pulverizes it once moie before sublimation —2. By 
subliming an intimate mixture of equal parts of mercuious sulphate and 
common salt.— 

Hg 2 0 } SG 3 + NaCl = NaO,SO s + Hg 2 Cl 

Planche {Ann, Chim . 66, 168) triturates 8 parts of mercury, 18 parts of 
dry monobasic mercuric sulphate, and 6 parts of water, till the fluidity of 
the metal is destroyed, and heats the resulting mercurous sulphate with 
an equal weight of common salt, till a sublimate is obtained.—3 By 
deadening 2 At. mercury with 1 At. common salt, and 1 At peroxide of 
manganese, and heating the mixture to sublimation with 2 At. oil of 
vitriol. 

2Hg+NaCl -r MnO- - 2S0 3 = N aO,S0 3 -r MnO,S0 3 + Hg-Cl. 

20 pts mercury, 8 common salt, 6 peroxide of manganese, and 11 oil of 
vitriol, yield 16 parts of pure calomel, and 7 parts of calomel mixed with 
meicuxy, only a small quantity of corrosive sublimate is formed, and 
passes over with the wateiv distillate. (Geiger, Perl . Jahrb 1819, 355; 
comp Kastner, Berl Jahrb . *1818, 23 0 )—4. By triturating mercury with 
common salt, feiric sulphate, and a small quantity of water, till the 
metal has lost its fluidity, and subjecting tbe mixture to sublimation. 
(Schaffhautl, Ann. Pharm . 43, 25 ) The basic sulphate of ferric oxide, 
often occurring as a waste-product, may be made available for this pro¬ 
cess; a small quantity of ferric chloride may sublime together with the 
calomel. (Schaffhautl ) The formula is probably: 

Per O 3 ,3 SO 3 -r OlSaCl + 2Hg = 3(KaO,SO-j T 2FeCl -r Hg-Cl. 

The calomel set free in the form of vapour by either of these pro¬ 
cesses (1—4) is either allowed to collect m the form of a dense, fibrous 
sublimate, and the product carefully pulverized; or the calomel vapour is 
■cooled under such circumstances that it solidifies in the form of a soft 
powder instead of a solid cake. This object is attained, according to 
Jewel and 0. Henry (J. Pharm . 8, 545; also Repert 15,115), by causing 
the calomel vapour to pass into a chamber, into which vapour of water 
is injected on the other side. According to the new English process, on 
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the other hand, the calomel, or the ingredients from which it is prepared, 
its heated In a cast-iron cylinder 2^ feet long, and 1 foot wide, one end of 
which is provided with an opening serving to mtioduce and remove the 
materials, and closed during the opeiation, while the othei end terminates 
in a contracted neck which opens into the upper part of a brick chamber, 

4 feet Ions’ and broad, and 6 feet high, in this chamber the calomel con¬ 
denses in the form of a soft powder - As the iron of the tube decomposes 
a portion of the calomel, a small quantity of protochloikle of mercury is 
added to the mixtuie. (Calveit, JT J. Plica m. 3, 121 ) Soubeiran 
(J. Pharm 29, 502) adopts the same process, excepting that he heats 
the materials m an earthen retort, and uses a laige earthen vessel as a 
condensir^ chamber —The pulveiulent calomel obtained by either of 
these piocesses is washed with a large quantity of warm water, or a 
small quantity of warm alcohol, to free it from the conosive sublimate 
with which it is usually contaminated 

5. By piecjpitatmg a warm dilute solution of mercuious nitrate with 
excels of common salt or sal-ammoniac, and washing the precipitate 
thoioughly with cold water. The calomel obtained by tins process, fiist 
pioposed by Scheele, is m the form of a remarkably fine powder, and has 
consequently somewhat more active medicinal properties than the ordi¬ 
nary preparation. The more energetic action sometimes produced by 
this calomel prepaied in the humid way, may perhaps be due to an admix¬ 
ture of basic mercurous nitrate, or mercuric oxide, which, according to 
Buchner, Mialhe, and others, aie sometimes found m it. This admixture, 
however, does not occur if the solution of mercurous nitrate be largely 
diluted, and, if necessary, filtered, before being mixed with the soluble 
chloride, and if the common *alt or sal-ammoniac be added in excess, and 
the liquid heated for some time m contact with the precipitate —To the 
same end, Sefstrom, Geiger, and Trautwem (.Repeit 11, 72; 12, 155) 
recommend that a little mtne acid be added to the mercurous solution 
before mixing, and Chenevix advises the addition of hydrochloric acid to 
the solution of common salt. In that case, however, the liquid must not 
he heated so much, as, otherwise, part of the calomel will be redissolved 
in the form of protochlonde of mercury.—According to Dumas, the 
calomel obtained by the use of common salt always contains more or less 
of that substance, and cannot be freed from it by washing; the presence 
of the salt renders the calomel thus prepared more soluble than that 
obtained by sublimation, but Mialhe (J. Pharm 22, 586) found only 
traces of common salt, and no difference in the solubility—Th Mai tins 
(Ann Pharm . 9, 197) precipitates the dilute mercurous solution with 
sal-ammoniac, and from the filtrate which contains all the mercuric oxide 
contained m the solution he obtains white precipitate by the addition of 
carbonate of soda The precipitate formed by sal-ammoniac, and washed 
for a long time with cold water, is free from ammonia (Fleichmann, 
Iiepert. 79, 209 }—Guibourt (J Pharm . 15, 315) precipitates the con- 
centiated mercurous solution with hydrochloric acid. [In this last pro¬ 
cess, the application of heat must be avoided; a dilute solution also is to 
be preferred.] 

Impurities and Adulterations. 1. Protoehloride of mercury: Cold 
water or alcohol agitated with the powder for some time and then 
filtered, turns brown on the addition of hydrosulphuric acid, See — 

2 . Basic mercurous nitrates or mercimc oxide. Red fumes evolved on 
heating the substance m a white flask or tube till it sublimes — 

3, Metallic mercury: Grey colour, globules of mercury discernible under 
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the microscope.—4. Pounded heavy spar and similar impurities remain 
behind on sublimation —5. Gum and other oigamc substances * Empy- 
reumatic odour on the application of heat , solubility m water or alcohol, 
&c. 


Propei'ties. The native variety and that obtained by sublimation 
form crystals belonging to the squaie prismatic system The native 
substance exhibits the forms shown m Figs 25, 29, 30 and 39 (without 
y>-faces), the artificial product has the form of Fig. 38 In Fig 88, 
p :a = 119° 50'; p e—\\2 z 5',a q~ 150° 10', cleavage indistinct, parallel 
to q (Brooke, Ann Phil 22, 285) —A totally different crystalline 
form is given by Schneider (Kastn Arch. 5, 71) In sublimed calomel, 
the squares pi isms are generally united m fibrous masses Specific 
gravity of the artificial product, 6 9920 (Kaisten), 7’140 (P. Boullay). 
Softer than calc^par. Dirty white, tianslucent, acquires a transient 
yellow colour when heated in the state of powder The product 
(5) obtained by precipitation is a white, heavy pow r der, wdth a tinge 
of lemon-yellow —Calomel volatilizes below a red heat, without pie- 
vious fusion. According to Faiaday (Fogg 19, 552), it does not vola¬ 
tilize at ordinary temperatures,—It is tasteless and inodorous. 
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Decompositions — 1 . Calomel becomes dark grey by exposure to 
light [by formation of Hg 4 5 CP1] —2 Heated in a cuirent of phosphorus 
vapour, it yields phosphide of mercury and terchlonde of phosphoius. 
(H. Davy)—3 When heated with a small quantity of sulphur, it yields 
cinnabar and mercuric sulphide, with a laiger quantity of sulphur, the 
products are cinnabar and dichlonde of sulphur : 

Hg 2 Cl -r S = HgCl -r HgS ; 
and, Hg 2 Cl -r 4S = 2HgS -f S 2 C1. 

4. When immersed in cold, aqueous sulphurous acid, it turns grey, and 
in the same liquid at a boiling heat it becomes greyish-black, from loss 
of chlorine. In this greyish-black powder, no metallic mercury can be 
discovered with the lens; but when heated, it is resolved into calomel and 
metallic mercury, it is probably, therefore, a subchloride. (A. Vogel )— 

5. Calomel gives up its chlorine to many of the base metals, both in the 
dry and in the humid way. On boiling it with copper and water, a 
green solution is quickly formed, and the copper becomes covered with a 
black film, from which hydrochloric acid extracts cupric oxide, leaving a 
residue of metallic mercury. (A. Vogel, J pr. Chem. 8, 107.)—6. By 
aqueous protochloride of tm, it is reduced to the metallic state, after some 
time at ordinary temperatures, hut quickly on boiling. (A. Vogel, Kastn . 
Arch. 23, 7S ) With mineral kermes or sulphur auratum, it is gradually 
converted mto black sulphide ot meicury and terchlonde of antimony. 
The mixture of calomel wuth mineral kermes or sulphur auratum becomes 
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grey in tlie course of 4 weeks, ami moist when exposed to tlie air. 
Under cold water, the decomposition takes some weeks, m boiling water, 
it is complete in a few minutes, the water takes up hydrochloi ate of 
antimonic oxide The decomposition likewise takes place in ethei and 
hot oil of turpentine or oil of lavender, but not m alcohol (A. Vogel, 
Sell uk 33, 291.) Kecentlv precipitated kermes, still moist oi dried m 
the air, turns black m a few minutes when placed in contact with dry 
calomel, but if it has been dned at HXU it does not blacken, even 
when moistened, but only after being several times alternately moistened 
and heated. Pentasulphide of antimony, recently precipitated and still 
moist, quickly blackens calomel, if dried in the air, it forms with calomel 
a yellowish brown mixture, which turns black on the addition of water; 
after drying at 1Q(U, it acts but feebly even when moistened, unless 
heat be also applied. (Geiger, JTag. PJtarm . 29, 240 )—8. Calomel 
triturated with iodine and water yields pi otochlonde of mercury, which 
dissolves, and protiodide of mercury, of which the water takes up a small 
portion (Planch e & Soubeiran, J. Pha? ni, 12, 651, also X. Tr 15, 144.) 

Hg^Cl 4* I = HgCl 4- Hgl. 

—9. Calomel digested in tbe aqueous iodides of the alkali-metals, 
magnesium, zinc, or lion, yields dark green dmiodide of meicury and an 
aqueous metallic chloride. The mercurous iodide thus produced remains 
unchanged for a long time in the dark, but when exposed to light, it 
first becomes yellow, and then red from loss of mercury; fuses into a 
black-brown liquid, gives off mercury and mercuric iodide, and leaves 
a white residue of chloride of potassium, together with the excess of 
iodide of potassium employed (Laboure, J Plmrm 4, 329 ) —10. Hot 
nitric acid dissohes calomel, with evolution of nitric oxide gas, forming 
a solution of mercuiic chloride and mercuric nitrate 

3Hg : Cl 4- 4X0 5 = 3HgCl^ 3(HgO,NO>) 4 TsO\ 

Cold oil of vitriol neither dissolves nor decomposes calomel, eren after a 
long time; but hot oil of vitriol dissolves it (the liquid solidifying in a 
white saline mass on cooling), giving off sulphurous acid, yielding a 
sublimate of mercuric chloride, and leaving a residue of mercuric chloride 
mixed with mercuric sulphate. (A. Vogel ) 

Hg-Cl -f 2S0 3 = HgCl + HgQ,S0 3 -f SO 2 . 

11 . Calomel immersed in aqueous hydrocyanic acid yields metallic mer¬ 
cury and a liquid which contains cyanide of mercury and hydrochloric 
acid (Scheele, 2, 159 ) Pait of the calomel lemains undecom- 

posed. (Buchner, Pepert, 9, 303.) The part which remains undissolved 
is not metallic meicury, but a black powder, which, when heated, gives off 
calomel vapour, together with a small quantity of permanent gas, and 
leaves a carbonaceous powder (Soubeiran, V. Pharm. 15, 523 ) The 
resulting liquid always contains sal-ammomac, even when the hydrocyanic 
acid used is quite free from ammonia, and therefore, after being precipi¬ 
tated with nitrate of silver, filtered, and evaporated, yields nitrate of 
ammonia. The black powder which remains undissolved, exhibits, when 
examined with the microscope, shining points, which, however, do not 
consist of metallic mercury It fuses in a glass bulb at 130", becomes 
somewhat winter at 150°, and afterwards exhibits little globules of mer¬ 
cury, which sublime on the application of heat At a higher temperature, 
calomel sublimes together with the metallic mercury, and a carbouaceous 
substance is left behind. Pait of the calomel remains undecomposed, even 
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when an excess of Hydrocyanic acid is present (Deschamps, J. Tharm, 
25, 22.) The decomposition by hydrocyanic acid must therefore be more 
complicated than that which would be expressed by the equation: 

Hg 2 €l - HCy = Hg + HgCy - HC1, 

and deserves fuither examination, to the physician, it is important to 
know r that the mild substance calomel, is conveited by hydrocyanic acid 
into a compound which acts so violently as cyanide of mercury 

12 . Calomel heated with diy fixed alkali*, yields mercuiy, oxygen 
gas, and a chloride of the alkali-metal. 

Hg 2 Cl -r KO = KC1 -r 2IIg t O. 

By aqueous fixed alkalis it is converted into black mercurous oxide, a 
chloride of the alkali-metal remaining in solution. Calomel likewise 
blackens when immersed m aqueous ammonia, not, however, by conversion 
into mercurous oxide, but into Hg^NH^HggCl (Kane ) The supernatant 
ammomacal liquid contains a small quantity of mercury in solution. 
(Buchner, Repert 53, 70.) Caibonate of ammonia colours calomel grey 
and quickly dissolves it, with the exception of a small grey lesidue of 
metallic mercury. (Wittstein ) Carbonate of magnesia exerts no action 
in the cold, even m the presence of watei, hut at a boiling heat, carbonic 
acid is evolved, mercury separated, and a solution foimed, containing 
mercuric oxide m combination with magnesia (Buchner, Repert 3, 31; 
4, 280 ) IT According to A Yogel, Jun. (.Repert Rheum , [3,1 1, 34), 
calomel heated with water and carbonate of lime (or magnesia), is con¬ 
verted into dinoxide [and protoxide 2] of mercuiy and metallic mercury, 
carbonic acid being evolved and chloride of calcium formed. The car¬ 
bonates of baryta and strontia act in a similar manner, but not so strongly 
When calomel was boiled with pounded gypsum, chloiide of calcium and 
mercuric sulphate were formed, a similar effect was produced by boiling 
with sulphate of soda. —13 By aqueous vapour and boiling watei, 
calomel i& partly conveited into metallic mercuiy, oi into a grey compound 
of calomel with excess of mercuiy, and soluble mcrcunc chloiide When 
aqueous vapour is passed over calomel powder contained m a glass tube, 
the water condensed by cooling deposits calomel m a very soft, finely 
divided state, and is found to contain protochloride of mercury in solution. 
(Righmi, J. Chim . tiled. 18, 190, also J pr Chetn 26, 416.) This is 
also probably the explanation of the fact that whenever calomel is sub¬ 
limed, a small portion of it is resolved into mercury and corrosive 
sublimate, and consequently the vapour which rises from it has the power 
of reddening litmus—an effect which would be produced by conosive 
sublimate. In a comparative experiment made by the author, it appeared 
that the calomel, when sublimed in a current of diy air, was much less 
decomposed than when the air was loaded with vapour of water. Calomel 
prepared in the humid way (5) reddens litmus moie quickly when sub¬ 
limed than that which has been prepared by sublimation, probably because 
it contains more hygroscopic water. (Pagenstecher.) Calomel powder 
boiled for a long time with large quantities of water frequently renewed, 
continually diminishes m quantity, and acquires a grey colour, and the 
water takes up chlorine and mercury. From the contradictory statements 
made with respect to this reaction, the following facts may perhaps be 
deduced:—The grey product is basic hydrochlorate of mercurous oxide, 
which recovers its whiteness by boiling with hydrochloric acid, and when 
sublimed yields calomel, mercury, and oxygen gas, a small quantity of 
hydrochloric acid is found in the water. (Donovan ) The grey powder 
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is basic bydrocblorate of mercurous oxide; tbe water contains protocblorid 
of mercury. (Gruner, Rerl Jahrb 1820, 488.) Tbe aqueous decoction 
yields, on evaporation, a mixture of calomel and corrosive sublimate. (A. 
Vogel, SJnc S3, 291 ) Tbe aqueous decoction yields, on evaporation, a 
small quantity of hydrochloric acid, and leaves a greenish yellow crys¬ 
talline residue, half soluble in cold, and half in hot water (Peschiar, 
X Tr. 5, 2, 83.) When 10 parts of calomel, either sublimed or prepared 
in the humid way, are boiled m an open vessel with 3000 parts of water, 
till the quantity is reduced to 1000 paits, the liquid then decanted, and 
the calomel again boiled with 3000 paits of water down to 1000 parts, 
there remains fiom 6 3 to 7*8 parts of unaltered calomel, which almost 
wholly disappear* after six similar boilings. The decoction tastes of mer¬ 
cury—does not xedden litmus—and gives with hydrosulphuric acid a 
black, with ammonia or nitrate of silver a white, and with potash a 
yellowish white precipitate. It covers copper with green basic hydio- 
chlorate of cupric oxide, and does not amalgamate it till hydrochlouc 
acid is added to the liquid. According to this, the decoction should con¬ 
tain basic hydiochlorate of meicurie oxide (or mercuric oxychlonde) pro¬ 
duced by contact of air When 1 part of calomel is repeatedly boiled 
with water, and the whole decoction boiled down to 1 part, tbe concen¬ 
trated solution gives a yellow precipitate with potash and white with 
ammonia- it therefore contains protochloride of mercury. (Simon, Repert. 
52, 145.) When from 100 to 166 parts of vapour-calomel are agitated 
for an hour with 1667 parts of boiling water m a well-closed bottle and 
kept at 100°, the water is found to have taken up 0*16 pt protochloride 
of mercury, if the air has access to the liquid, a larger quantity of this 
compound is formed 

14 Boiling hydrochloric acid quickly converts calomel into proto¬ 
chloride of mercury which dissolves, and metallic mercury which remains 
behind. (Proust, Boullay, Ann Chun Rhys 34, 343.) On the other 
hand, when water containing hydrochloric acid is boiled m an open vessel 
with calomel, the latter is completely dissolved m the form of protochlo¬ 
ride, without separation of mercury. (Guibourt, J. Chim Med, 2, 274.) 
When 100 parts of calomel are placed in a stoppered bottle, together 
with 100 parts of hydrochloric acid, and 1667 parts of water thoroughly 
freed from air by boiling, tbe liquid, if at tbe temperature of 40° or 50°, 
takes up, in the course of 24 hours, 0*67 parts protochloride of mercury; 
but m an open vessel, it takes up 2 32 parts. (Mialhe.) 

15 Calomel sublimed with sal-ammoniac yields mercury and a 

sublimed compound of sal-ammoniac and prutochlonde of mercury. (Pet- 
tenkofer, Repert 3, 31A The same decomposition, doubtless induced by 
the affinity between sal-ammoniac and protochlonde of mercury, takes 
place when calomel is boiled in a solution of sal-ammoniac. (Pettenkofer.) 
100 parts of calomel boded with 200 sal-ammoniac and with water, lose 
19 part&, the grey residue contains globules of mercury. (Pfaff, Schw. 45, 
100 .) 100 parts of calomel boiled five times with 100 sal-ammoniac and 

with water, yield 40 parts of mercury, and a liquid from which alkaline 
carbonates thiow down 60 giammes of white precipitate. (Hennel, Quart . 
J. of Sc 18, 295.) The sal-ammoniac solution takes up a small quantity 
of mercuric chloride from the calomel, even at ordinary temperatures. 
(Mialhe ) A solution of 100 parts sal-ammoniac and 100 common salt in 
1667 water, kept for 24 hours at a temperature from 20° to 25° in con¬ 
tact with 100 parts of vapour-calomel, takes up 1 part of mercuric 
chloride, hut at temperatures between 40° and 50°, the quantity of that 
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compound dissolved amounts to 2 5 parts. The same quantity of mercuxic 
chloride is produced, if the quantity of calomel is only 33 or even 17 paits 
instead of 100, whence it appears that the quantity of mercuric chloride 
thus formed depends, not upon that of the calomel, hut upon that of the 
solution of sal-ammoniac and common salt. The concentration of this 
solution has likewise some influence on the result. When 100 parts of 
sal-ammoniac and 100 common salt are dissolved m 833 parts of water, 
and the solution kept in contact for 24 hours at 4Q 2 oi 50° with 100 parts 
of calomel, 4 parts of mercuric chloride are dissoh ed, if the quantity of 
water amounts to 1667 parts, 3*3 paits of nieicurie chloride aie dissolved 
nnder the same circumstances, with 3333 parts water, 2 paits HgCl; 
and with 6666 parts water, 1 5 parts HgCl Access of air likewise 
influences the quantity of mercuiic chloride dissolved If, nnder the 
preceding circumstances, 50 parts of calomel are placed in an open vessel 
with 100 sal-ammoniac, 100 common salt, and 1637 boiled water, 1 8 pait 
mercuric chloride dissolves m the liquid; whereas in a close vessel only 
0 5 pait would be formed Hence it appears that moie than two-thirds 
of the mercuric chloride is produced by the oxidizing action of the air, 
and one-thnd by the decomposition of the calomel Calomel prepared in 
the humid way likewise yields lather more mercuiic chloride than vapour- 
calomel, a circumstance which accord* with its greater activity. (Mialhe, 
J. PIlcum 26, 103, and X Ann. Chem Phys 5, 169) Solution of sal- 
ammoniac acts upon calomel at ordinary tempeiatures, and the resulting 
mercuric chlonde may be dissolved out by agitation with ether. A 
mixture of 3 parts calomel with 20 sal-ammoniac and 20 sugar, kept in 
paper in a damp place for a week, and then tieated with cold water, 
yields a filtrate from which ether extracts mercuiic chloride on agitation. 
(Larocque, X. J. Pharm 4, 9 ) A cold solution of 1 part sal-ammoniac 
in 1024 water, filtered several times through 96 paits of finely pulvenzed 
calomel, yields a filtrate m which no trace of mercury can he detected. 
(Th Martins, Ann Pharm . 9,197 ) According to Lepage^ Chvm. Med. 
18, 606), a solution of sal-ammoniac, even at temperatures between 38° 
and 6Q J , docs not take up a tiace of mercury from calomel m 24 hours. 
According to Simon, on the contrary {Eepert 52, 145), calomel triturated 
with sal-ammoniac and a small quantity of water, gives off ammonia, 
and quickly turns grey, giving up protochloiide of meicuiy to the water. 
Chlonde of potassium, chloride of sodium, and certain other metallic 
chlorides, act m a similar manner to sal-ammoniac, but not so strongly. 
(Pettenkofer, Hennel.) Calomel is not decomposed by sublimation with 
common salt. (Pettenkofer.) To decompose calomel completely with 
common salt and water, 1 part of calomel must be boiled 10 times m 
succession with 1 part of common salt and with water. (Hennel) An 
aqueous solution of chloride of barium and chloride of calcium, boiled 
with calomel, dissolves, according to Pettenkofer, only a tiace of mercuric 
chloride; sulphate of potash, nitie, or cream of tartar, none whatever. 
Even at the ordinary temperature of the air, and at that of the human 
body, aqueous chloride of potassium or sodium takes a small quantity of 
mercuric chloride from calomel. When 25 parts of sublimed calomel are 
placed for several hours in a solution of 100 parts of sal-ammoniac in 833 
parts of water, at temperatures between 40 J and 50°, 0*75 parts proto- 
chlonde of mercury is dissolved, the same quantity of chloride of potas¬ 
sium takes up 0 25, and of chloride of sodium or chloride of barium, 
0 33 parts of the piotoebloiiJe {Mialhe) When 50 parts of calomel, 
100 chlonde of potassium or chlonde of sodium, and 2083 watei, aie 
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placed in a vessel and set aside for 7 day?, the liquid being frequently- 
agitated, a filtrate is obtained which, turns brown with hydrosulphuxic 
acid, since, however, ether does not dissolve piotochlonde of mercury 
from it on agitation, the compound dissolved appears to be, not that sub¬ 
stance, but calomel. With the chlorides of barium, calcium, and magne¬ 
sium, under the same circumstances, a filtiate is obtained which does not 
tarn brown with hydrosnlphuric acid But when the solutions of these 
same metallic chlorides are boiled, mercury i* separated, and the liquid 
takes np mercuric chloride, which may he dissolved out by ether. If, 
however, the chloride of potassium or sodium contains a trace of iodide, 
the calomel turns grey even at ordinary tempeiaturcs, and the watery 
filtiate treated with ether, gives up protoclilonde together with protiodide 
of mercury (Larocque ) According to Wittstem, calomel is soluble for 
the greater part in sulphate of ammonia, but very sparingly m the nitrate 
and succinate. Ether does not extiact protochloride of mercury from 
calomel. (Lassaigne, Ann . Chun . Phys . 64, 103 ) 

Calomel forms compounds with anhydious sulphuric acid, chloride of 
sulphur, and ammonia. 

B. Protochloride of Mercury, or Mercuric Chloride .—Corrosiie 
Sublimate , Aetzender QuecJcsilber - sublimat , Aetzsubhmat , Subhmat , Muriate 
of Mercury , Salzsciurcs Quecl silberoxyd , Mercuiius subhmatus comosuus , 
beittQ-cJiloi ure de Mercure , Sublime corrosif . 

Formation 1 . When mercury is burned in chlorine gas —2 . In the 
decomposition of meicuxic salts by vanous metallic chlorides —3. When 
mercuric oxide is heated with certain aqueous metallic chlorides Mei- 
curic oxide boiled with liydrochlorate of magnesia, is dissolved and preci¬ 
pitates the magnesia. (Berzelius, Jahresber . 21, 142 ) Meicurie oxide 
boiled m a dilute solution of chloride of calcium, produces no decomposi¬ 
tion ; but in a concentrated solution, it dissolves, with separation of w bite 
flakes of Irydrate of lime, but, on the addition of water to the concentrated 
liquid, chloride of calcium is re-dissolved, and mercuric oxide separated, 
in combination with a small quantity of mei curie chloride, and mixed 
with a little carbonate of lime. (Hochstetter, J. pr Chan. 27, 373.) A 
warm solution of common salt likewise dissolves meicmic oxide, accoiding 
to Mialhe (vid inf.) and Dranty {J Chun oned. 12, 651), iri the foim of 
mercuric chloride, and the liquid becomes alkaline from the presence of 
caustic soda.—4 In the decomposition of mercuious oxide, mercuious 
salts, and of the dmiodide, dibiomide, and dichlonde of mercury by 
aqueous metallic chlondes 100 pans of the following mercury-compounds 
placed in contact for twenty-foui hours, at tempeiatuies between 10° and 
20 ; , or 40" and 50°, with 100 parts of common salt and 1667 parts of 
water, yield the following quantities of mercuric clilonde in solution: 
mercurous oxide at 15°, 1 8 part, at 40", 3 2 parts of meicunc chloride. 
(Mercuric oxide at 15°, 7 8 parts; at 40", 25 7 parts.)—Mercurous iodide 
at 15°, or at 40°, 0 8 part.—Mercuious bromide at 15°, 1 pait, at 40°, 
2 5 parts. (If the air be excluded, at least m the beginning, mercuric 
bromide is dissolved; but if the liquid be exposed to the air,'the greater 
part of that which is dissolved consists of mei curie chloride.)—Mercurous 
sulphate at 15°, 0 7 part; at 40°, 2*3 parts—Mercurous nitrate at 15°, 
1*2 pait; at 40 D , 2 3 parts—Meicurous tartrate at lo 0 , 1 3 part, at40 3 , 
1 8 part.—Mercurous acetate at 15 3 , 0 7 part; at 40 2 , 1 3 part.— Mercu- 
7 ius solubihs at 15°, 2*3 parts; at 40°, 3 7 parts. (Mialhe, A r . Ann. Ghim. 
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Phys. 5, 176.) Again, when mercury is immersed m water containing 
chloride of ammonium, potassium, or sodium, and tlie liquid exposed to 
the air, protocMoride of mercury is dissolved, the quantity increasing in 
proportion as the meicury is more finely divided, and the quantity of 
metallic chloride m solution is greater Thus, 100 parts of liquid meicuiy 
with 100 common salt, 100 sal-ammoniac, and 1667 water, at 1.5", yield 
0 7 part protoehloiide of mercury in 24 hours, hut if the mercury has 
lost its fluidity, the quantity produced at 40° is 1 2 part. Hence may he 
explained the action of metallic mercury on the human body \f], (Mialhe, 
J, Pharm. 27, 630, and A 7 Ann Chim Phys 5, 183.) 

Preparation 1 By subliming a mixture of equal parts of mercuric 
sulphate and decrepitated common salt. (Sch 51) KunkeL—2 Or 
Equal parts of mercuric nitrate, decrepitated common salt, and calcined 
green vitriol —3. Or . By triturating 3 parts of mercury with 2 common 
salt, 2 nitre and 4 calcined gieen vitriol, till the mercury has lost its 
fluidity, and then subliming: 

Hg + NaCl J- KO,N0 5 + Fe-0 3 ,2S0 3 = HgCl + NaO.SO 3 -r KO,SG 3 + NO 4 + Fe-O 3 . 

In this old Dutch process, the liyponitric acid which escapes is condensed 
in reeeiveis containing watei, and afterwaids, under the name of Sublimate - 
watery used for the preparation of mercuric oxide—4 Or. 10 pts. of 
mercury, S common salt, 6 peroxide of manganese, 11 oil of vitriol, and 
3 water. The product is 12 25 parts of corrosive sublimate. (Geiger, 
Perl . Jahrb. 1820, 346): 

Hg + NaCl + MnO- 4- 2S0 3 — HgCl + NaO,S0 3 + MnO,S0 3 . 

This process had been previously proposed by Fourcroy ■—5. By heating 
mercurous nitrate with hydrochloric acid, till the precipitated calomel is 
redissolved, and cooling the liquid to the crystallizing point 

Hg-0,N0 3 t 2HC1 = 2HgCl + 2HO -f- NO 4 . 

6. By dissolving mercuric oxide in boiling dilute hydiocbloiic acid, and 
repeatedly evaporating and cooling to the crystallizing point. 

Properties. Ciystallme system the right prismatic; Pig . 70. Cleavage 
parallel to p, it. and u' } u' . u = 93° 44'; u' * 25=133° 8'. (Brooke)— 
Sublimed protochlonde of mercury exhibits the form of Fig. G5 , but with 
m-faces (between u and u ); also with faces between i and t; finally, with 
faces between u and m—u : u~ 93 3 52% u : t= 133 3 4% i : &' = 142° 45' 
[144° 2]; i : £ = 10S°; face between i and t, • face between i and t , back- 
wards=lll° 88f% face between i and t jf = 124° 10f' The crystals 
obtained by slow evaporation of an alcoholic solution exhibit tbe form of 
Fig. 71; but tbe prism is so much shortened, that the upper and lower 
y-faces, which predominate, touch one another. In this form, u' • u — 
86 ° 12' (therefore u : u' backwards = 93° 48'), u : t = 133° 6% y above * y 
below = 71° 55'; t : y = 90°; • a backwards = 57° 36% a . t = 118° 48' 

(Mitscberlich, Pogg. 28, 118) The crystals obtained by evaporation of 
the aqueous solution are flat, four-sided prisms, bevelled at the ends with 
two faces. The translucent cakes of commercial mercuric chloride, obtained 
by sublimation, exhibit a coarse-grained fracture.—Sp. gr. 5 4032 
(Karsten); 5 420 (P. Boullay). White, exhibiting various degrees of 
franslucence, up to transparency. When heated, it fuses, boils, and 
volatilizes somewhat more readily than calomel. Eyaporates even at 
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ordinary temperatures. (Faraday.) % According to Riegel, however 
(Atch.Phann 2nd series, 61, 294), corrosive sublimate does not evapoiate 
at ordinary temperatures, either in the solid state or from concentrated 
solutions. *f[ The aqueous solution reddens litmus, (v. Bonsdorff.) Has 
a simp metallic taste, and is veiy poisonous. 


Hg . 100 0 73 86 Vapour of mercury 1 6 9300 

Cl 33 4 26 14 Chlorine gas . I 2*4543 

HgCl 135 4 100 00 Vapour of meicurie chloride 1 , 9*3843 

Oi * Biaamc. & Siquena. Proust. Zaboada. 

IlgO 108 0 79 76 . 80 3 . . 80 435 . 80 5 

Cl-0 27 4 20 24 18 6 19 565 19 5 

__ — 00 98~9 . 100 000 " 100 0 

Stromeyer H. Rose. Chenevix. 

HgO .. 80 58 81 5 82 

Cl-0 19 42 18 5 18 

10000 l0CH) ~ TOO 


Decompositions. 1. The aqueous solution exposed to sunshine deposits 
calomel, and gives off oxygen gas and hydrochloric acid. (Boullay, 
A Geld. 2, 92; J. Davy J Hydrochloric acid or sal-ammoniac added to 
the solution, prevents this decomposition by its affinity for the mercuric 
chloride The salt does not *uffei decomposition when exposed m the 
state of powder to sunshine (J. Davy)—2 Vapour of phosphoius passed 
over heated protochloride of meicuiy yields mercury and terchlonde of 
phosphorus (H. Davy) Phosphorus heated with the aqueous solution 
forms phosphide of mercuiy, phosphoric acid, and hydrochloric acid. 
(Boullay.) From the ethereal solution, phosphorus throws down calomel, 
but no metallic mercury. (Fengler, Pepert. 9, 259 )—3. Hypophosphorous 
acid added to tbe aqueous solution of corrosive sublimate, the lattei being 
in excess, throws down calomel, if the corrosive sublimate is not m excess, 
metallic mercury is precipitated (H Rose, Fogg. 9, 375.)—4. Phos- 
phuretted hydrogen gas passed over gently heated protochloride of mercuiy, 
causes rapid evolution of hydrochloric acid gas, and forms an orange- 
yellow sublimate of phosphide of mercury, which, when suddenly heated, is 
resolved into its elements. (H Rose.) From the aqueous solution, phos- 
phnretted hydrogen gas thiows down yellow phosphochloride of meicuiy. 
(H. Rose )—5. Corxosive sublimate heated with sulphur yields ehloxide of 
sulphur and sulphide of meicury The decomposition may be attended 
with a violent explosion (Proust, Gdb. 25, 175)—6. Sulphurous acid 
added to the aqueous solution, especially when hot, throws down calomel 
and metallic meicury. At ordmaiy temperatures, the turbidity does not 
show itself for 24* hours, but on the application of heat, calomel is 
immediately precipitated, but to remove the whole of the mercury in tbe 
form of calomel, the sulphurous must be added m large excess, and fre¬ 
quently renewed ; and the boiling must be repeated several times. The 
mixture of sulphurous acid and solution of corrosive sublimate gives no 
precipitate with alkalis, even in excess. (A. Vogel, J. Chem . 29, 273.) 

Sulphite of ammonia has no action on solution of corrosive sublimate [in 
the cold **] (H. Rose, Pogg. 34, 240), but on boiling, it quickly precipitates 
sinning laminae of calomel, which, when heated for some time with excess 
of sulphite of ammonia, turn grey, and are afterwards reduced to black 
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metallic mercury; the reduced metal, heated with hydrochloiic acid, unites 
into globules (Berthier, A r Ann. Chun Phgs 7, 81,)—7. Hydiosulphuric 
acid added in excess to the aqueous solution, throws down black proto- 
sulpkide of mercury, a smaller quantity of hydrosulphunc acid forms a 
yellow precipitate, which soon turns white This piecipitate is a com¬ 
pound of protochlonde of mercury with the protosulplude. (H. Rose.) A 
similar reaction is produced by alkaline hydiosulphates. 

8 . Many metals, viz, arsenic, antimony, bismuth, zinc, tin, lead, iron, 
nickel, and copper decompose protochlonde of mercury in the dry way, 
withdrawing the half or the whole of its chlorine, and separating calomel 
or metallic mercury, which latter often forms an amalgam with the excess 
of the other metal Arsenic forms terchlonde of arsenic and a brown 
sublimate. (Vid. Ao senio-chlo? ide of Mercury.) (Capitaine, J. Pharm. 
25, 549.) An intimate mixture of 3 pts. of antimony and 1 pt. of cor- 
rossive sublimate, well pressed into a glass, becomes hot and liquid m the 
course of half an hour (Olaus Bomch'us), and on the application of heat, 
yields terchlonde of antimony and metallic meicury part of which is apt 
to pass over in minute globules with the butter of antimony. Any 
arsenic that may be present passes ovei m combination with calomel, 
in the foim of a brown powder, -which gradually separates from the 
liquid butter of antimony, and settles at the bottom (Capitaine ) Tm, 
heated with corrosive sublimate, foims bichloride of tin, and a grey 
residue, which contains calomel together with protochlonde of tin. 
(Capitaine ) Silver takes away hut half the chlorine; so that calomel 
sublimes, and chloride of silver remains behind. Many metals likewise 
reduce the mercury in the humid way. From the aqueous solution, zinc, 
cadmium, arsenic, and nickel, precipitate the meicury quickly and com¬ 
pletely; iron, more slowly, bismuth, lead, and copper, still more slowly, 
and antimony not at all Most metals throw down calomel togethei with 
the mercury, but zinc, wdncli becomes thoroughly quickened—cadmium, 
wdnek forms beautiful needles of amalgam—and non, throw down nothing 
but metallic meicury (Fischer, Pogg 9, 258 ) Copper immeised m 
water saturated with corrosive sublimate, precipitates a mixture of calomel 
and cupric oxide [?], and becomes co-vered with a fast-adheung black 
film; strong hydrochloric acid forms therewith a green solution, m which 
a small quantity of calomel floats, while puie meicury lemains upon the 
copper. If the solution of corrosive sublimate has been previously mixed 
with hydrochloric acid, only a small quantity of cupric oxide is deposited 
with the mercury upon the copper, so that the metal, -when lubbed, 
immediately exhibits a silvered surface. The alcoholic and etheieal 
solutions of corrosive sublimate exhibit similar effects to the aqueous 
solution (A. Vogel, J pr.Ckem 8,107.) Caucal (J Chun. Med 5,358) 
likewise obtained flakes of calomel, together with meicury, from the 
aqueous solution [If the action is long continued, the protochloride of 
copper is converted into dichloride.] In a solution of 1 pt corrosive 
sublimate in 1000 pts. of water mixed -with hydrochloric acid, copper 
immediately becomes covered with a white metallic film ; in 5000 parts 
of water, without the addition of hydrochloric acid, copper exerts no 
action in the cold, but acquires a golden-yellow colour on boiling; when 
boiled in a solution to which hydrochloric acid has been added, it turns 
grey, becoming covered with minute globules of mercury, which may 
be "distinguished by the microscope. These globules are visible by the 
naked eye, if the quantity of water is greater than from 12,000 to 
15,000 parts (Reinsch, J. pr. Chem. 24, 249 ) Siher immersed m the 
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solution of coirosive sublimate throws down calomel, and foims chloride 
of silver 'A Vogel; 1 he chloride of silver thus formed is, however, 
not the white, hut the black variety, which is richer m silver. (V etzlar, 
Seine. 52, 475.)— 9. Arseniuretted hydrogen gas passed through a solution 
of corrosive sublimate, precipitates a biownish yellow substance (Hg 3 As, 
3 HgCl), (H. Rose.)—10 Many metallic sulphides boiled with the aqueous 
solution of coirosive sublimate are converted into chlorides, and throw 
down a sulpkockloride of mercury, identical with that which would be 
precipitated by an insufficient quantity of hydrosulphuric acid Such is 
the reaction pioduced by the recently piecipitated protosulphides of zinc, 
cadmium, tm, lead, iron, and copper • 

2ZnS -h 3HgCl = 2ZnCl + 2HgS,HgCl, 

Similarly, with pentasnlphide of antimony: 

2SbS 3 + 15HgCl = 2SbCl 3 + 5 (2HgS,HgCl). 

Metallic sulphides prepared in the dry way, and likewise native sulphides, 
act hut veiy slowly on aqueous conosive sublimate, zmc-blende and 
native sulphide of antimony exert no perceptible action. (Pagenstecher, 
JRepert 62, 25, 73, 1 ) For the decomposition of protochlonde of 
mercury by sulphide of arsenic in the dry way, see Sulphochloride of 
Mercury 

11 Small quantities of protochlonde of tin precipitate calomel from 
the solution of coirosive sublimate, larger quantities separate metallic 
mercury m the form of a black powder White flakes of stannic oxide 
are also foimed at the same time [from access of air ] (A. Vogel, 

Kastn . Aich 23, 79 ) Protochlonde of tm likewise throws down 
calomel from the alcoholic solution. (Wmcklei, Ilepeit. 35, 123 ) The 
solution of 1 pt piotochloride of mercury in 500 water becomes blackish 
grey when mixed with aqueous protochloride of tm, a solution containing 
1 pt. in 10,000 or 20,000 acquires a giey colour and gives a pieei- 
pitate after 24 boors. (Rostock, Eclinb . Med. and Siwg. J\ 1825, 
Jan. 1.) A grey colouring is produced even in 40,000 parts of water. 
(Geiger, Mag . Pkaim . 11, 21.)—According to Proust, dichloiide of 
copper dissolved m hydrochloiic acid precipitates calomel from solution 
of corrosive sublimate, Gmelin, on the contrary, obtained nothing but a 
piecipitate o t dichlonde of copper, easily soluble in hydrochloiic acid; 
ar&emous acid also does not throw down calomel 

12 . Dry protochloride of meicury heated with caustic fixed alkalis 
(or alkaline caibonates) yields oxygen gas (and carbonic acid), a subli¬ 
mate of mercuiy, and a residue of alkaline chloride. The aqueous 
solution forms with ammonia a white piecipitate of amido-ehlonde of 
mercury, with fixed alkalis in excess—and even w r itk the earthy alkalis 
*—it gives a yellow precipitate of mercuric oxide,—or, if the quantity of 
alkali is insufficient for complete decomposition, a red-brown precipitate 
of mercuric oxyckloiide. A perfectly saturated solution of bicarbonate of 
potash or soda gives with corrosive sublimate a white precipitate which 
turns reddish in a few minutes, afterwards deep purple-red (Schindler), 
and consists of xed mercuric oxyckloiide (Wmckler, liepert. 36, 250.) 
—Magnesia likewise throws down mercuric oxide (Geiger, Mag Pliarm . 
17, 65), if, however, the solution contains an excess of alkaline chloride, 
it isnolongei precipitated by magnesia. (Mialhe, X. Ann Chun. Phys 5, 
178.) Carbonate of magnesia in excess throws down a reddish-yellow 
precipitate. (Geiger.)—The presence of various organic substances in 
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tlie solution of corrosive sublimate interferes with the precipitation, and 
alters the colour of the precipitate In presence of strong acetic acid, a 
solution of corrosive sublimate does not show any white turbidity with 
potash for a long time, moreover, it letains mereuiy m solution. 
(A, Vogel, J. pr, Chem 29, 277.)—In a solution of corrosive sublimate 
containing a large quantity of sugar or gum-aiabic, lime-water produces 
no precipitate (A Vogel, V Tr. 3, 2, 559, Sterlei, Repert . 3, 105), or 
after some time, a yellowish precipitate which gradually turns black. 
(Flashof, xV. Tr. 4, 2, 453, Buchner, Repert 3, 106.) 

13. Many organic compounds added to the aqueous solution, espe¬ 
cially if aided by light or heat, throw down either mercury or calomel.— 
Fomnate of potash, at temperatures between 50° and 80°, throws down 
calomel, but after continued boiling it precipitates metallic mercury, 
(v Bonsdorff, Pogg. 33, 80 ) Fornnate of soda boiled [for a short 
time?] with the solution, throws down finely divided calomel, but no 
metallic mercury. (Doberemei, Ann. Fhcmn. 3, 142, Wmckler, Jakrb. 
cl Pharm. 6, 250.)—Mouotartrate of potash and tartar-emetic preci¬ 
pitate calomel, even m the dark, and at ordinary temperatures; the 
application of heat, however, increases the precipitate. (Braudes, Ann. 
Pharm 11, S8 )—The solution of corrosive sublimate in hydrated alcohol 
(not in absolute alcohol or m ether) deposits calomel when exposed to 
sunshine Corrosive sublimate immersed m oil of tuipentme is not affected 
by light. (J. Davy, Phil. Trans 1822, 357, also X. Tr. 10, 1, 188) 
Boullay (A. Geld. 2, 101) had previously obtained calomel with 
hydrated alcohol—The solution of corrosive sublimate in water dis¬ 
tilled from air-plants, deposits calomel m exposure to light. (Boullay.) 
Sugar boiled with a solution of conosive sublimate piecipitates calomel. 
(A. Vogel)—An aqueous solution of 1 pt corrosive sublimate m 160 
pts. gum-arabic, becomes turbid in a few houite, and m 6 days yields a 
scanty grey deposit, which blackens by contact with ammonia, a similar 
effect takes place m a solution of corrosive sublimate mixed with decoc¬ 
tion of the yew-tree. One part of corrosive sublimate dissolved iu 160 
pts of sarsaparilla decoction, immediately exhibits a strong brown tur¬ 
bidity, and, m the course oi 24 hours, the gieatei part of the corrosive 
sublimate is precipitated The precipitate is blackened by ammonia. 
A similar reaction is exhibited with a solution of Anccus Liquu dice or 
Erin actum Tmtuln Jibrim , excepting that a much laiger quantity of 
sublimate remains in solution. When a mixture of corrosive sublimate is 
gently ignited with moist charcoal, or with charcoal and oil of lemons, or 
with oil of lemons alone, or with sugar, or with bread, hydrochloric acid 
is evolved and metallic mercury separated. Dry charcoal does not 
reduce the mercury, even when hydrogen gas is passed over the mixture. 
(Kevins, Pkd Mag. J 13, 431.) 

14. Oil of vitriol heated with protochloride of mercury converts but 
a small portion of it into mercuric sulphate, the greater part volatilizing 
undecomposed (A. Vogel, Schw. 32, 62 , Mohr, Ann. Pharm, 31, 183 ) 
According to J. Davy, no decomposition takes place. 

15. Protochlonde of mercury dissolves m IS 5 parts of water at 14° 
(J. Davy), and m 2 or 3 parts of boiling water, forming a transparent 
and colourless solution.—It dissolves m 630 paits of oil of vitriol, 
and in more than 500 parts of hot nitric acid of specific gravity 1 44. 
(J Davy.)—It enters into combination with hydrochloric acid, mercuric 
oxide, phosphide of mercury, sulphide of mercury, mercuric sulphate, 
iodide of mercury, amide of mercury, and with ammonia; likewise 
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with many basic metallic chlorides, forming chlorine-salts—the Ckloro- 
hy drarggrates of Bonsdorff-—in which it plays the part of an acid, and 
loses its power of reddening litmus —It dissolves In 3 parts of alcohol, 
4 of ether, and abundantly m volatile oils. 

C. Mercuric Oxychloride —1 Formed by boiling protoxide of mer¬ 
cury in solution of corrosive sublimate. (Donovan, Grouvelle )—1 part of 
finely powdered mercuric oxide is boiled with a solution of 1 pt corrosive 
sublimate for about half an hour, till, m fact, the oxide turns black; as 
the liquid cools, a small quantity of this compound still separates out 
In this reaction, 540 pts (1 At) mercuric oxide take up 272*16 (2 At , 
2.135 4 = 270 8) of mercuric chloride, and fonn 812 16 pts. of oxychlo¬ 
ride. When 1 part of mercuric oxide is boiled with 4 parts of conceive 
sublimate dissolved m water, the liquid fioth^ up stiomily, and the oxide 
changes colour but slightly even after two houib’ boil mg. (Kuhn, Schw 
61, 242 )—When 324 pts. (3 At ) of mercunc oxide obtained by pre¬ 
cipitation with potash, are boiled with a solution of 136 pts (1 At) of 
corrosive sublimate, nearly all the latter compound enteis into combina¬ 
tion with the oxide, so that only 3 parts of oxide can be precipitated 
from the remaining liquid. The resulting crystalline compound is fieed 
from any unconfirmed oxide that may be mixed with it, by boiling with 
a mixtuie of 50 parts hydrochloric acid and a large quantity of water. 
(R Phillip-, Phil Mag A mi 7,130)—2 By gently heating a mixture of 
4 [ ? ] At mercuric oxide with 1 At. eoirosive sublimate, or exposing it to 
the air at ordinaiy temperature^ till it is conveited into a crystalline 
compound (Thaulow, J pr Chew 31, 370 )— 3. By precipitating a 
solution of conosive sublimate with a quantity of fixed alkali not suffi¬ 
cient to decompose it completely, and boiling the piecipitatcd oxide for 
some time with the remaining solution (Grouvelle, Ana Ohim. Plugs 
17, 42.)—4. By precipitating a solution of corrosive sublimate at ordi¬ 
nary temperatures with monocarbonate or bicarbonate of potash or soda. 
(Soubeiran, J. Phctrm 16, 662 )—If the alkaline caibonate be added m 
excess, the resulting precipitate is a red powder, and the liquid contains only 
traces of mercury, a deficient quantity of alkaline carbonate produces the 
same red powder at first, but afterwards, small brown crystals, having 
exactly the same composition, are deposited. If the solution of corrosive 
sublimate be previously mixed with common salt, so as to produce the less 
easily decomposible compound of chloride of mercury with chloride of 
sodium, a white tuibidity fiist make> its appearance, and aftei wards the 
compound gradually separates out entnely in brown crystals The for¬ 
mation of these civstals may be accelerated by heat, inasmuch as the 
excess of carbonic acid is then expelled from the alkaline bicaibonate, 
and its decomposing action on the chloride of mercury thereby prevented, 
but if the temperature be raised above 40 3 , the precipitate becomes mixed 
with variable quantities of free mercuric oxide, and appears more mica¬ 
ceous, and of a deeper red colour (Soubenan )—5. By boiling a solution 
of corrosive sublimate with carbonate of lime. (Phillips ) Even when 
the carbonate of lime is in great excess, part of the chloride of mercury 
remains undecomposed in the solution, in combination with chloride of 
calcium. Fragments of double refracting spar, immersed for some months 
in a solution of corrosive sublimate, form closely adhering crystals; 
pounded marble acts more quickly, and yields distinct crystals (Phillips.) 
—6. By passing chlorine gas through hot water in which mercuric oxide 
is diffused. In this manner, 100 parts of mercuric oxide yield 58 parts 
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of a violet-brown crystalline powder The water is found to hold in solu¬ 
tion protochlonde of mercury and chlorate of meicurie oxide. (Braain- 
camp & Siqueira.)—The compound may also be foimed by mixing 
hydrate of chlorine with mercuric oxide at 01 dinary temperatures; 
hypochlorous acid is then evolved, and the oxide is converted into blacky 
shining spangles (H. Thaulow, J pr. Qhem . 31, 370.)—Chlorine gas 
passed over gently heated mercuric oxide, produces the oxychloude, with 
evolution of oxygen and sublimation of a small quantity of mercuric 
chloride (Gun)—-7. By piecipitatmg a solution of corrosive sublimate 
with aqueous chloride of lime —8. Mercury, immersed iu hypochlorous 
acid gas or its aqueous solution, is converted, without evolution of gas, 
into an oxychloride (Balard), probably into a mixture of the compound 
now under consideration with free meicurie chloride: 

6Hg 4- 3C10 = HgCl,3HgO + 2HgCl. 

This compound is likewise sublimed, on boiling a solution of mercuric 
oxide in nitric acid containing hydioclilorie acid. (Paisse, A Gehl. 
5, 654.) 

Small, brownish black, shining, somewhat transparent crystals, which, 
according to Phillips, have ihombic faces, or a red-biown powder. 


4Hg . 
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According to Kuhn, the compound is 2HgCl,5HgO, according to 
Thaulow: HgCl,4HgO, according to Grouvelle HgCl,5HgO, and 
according to Phillips 2HgO,HgCL Wmckler, by precipitating corrosive 
sublimate with bicarbonate of soda, obtained a precipitate containing 
72*58 p. c. HgO, and 24 94 p c. HgCl. 

IT According to Boucher (A. Ann . Chun Phjs 27, 353, abstr. 
Jahresb. L. & K. 2, 283), the composition of the oxychloride formed by 
the action of corrosive sublimate on mercuric oxide, is diffeieut, accoid- 
ingly as the red or the yellow modification of the oxide is used in its 
preparation, and likewise vaiies with the tempeiatuie and the nature of 
the solvent At high temperatures, whether the red or yellow variety of 
the oxide be employed, and whether the chloride be used m the state of 
aqueous or of alcoholic solution, the products formed are invaiiably the 
same, viz, a black insoluble compound, HgCl,2HgO, containing the led 
oxide, and a white, somewhat soluble substance, consisting of 2HgCl,HgO. 
—At ordinary temperatures, the yellow oxide always produces the yellow 
compound HgCl,3HgO.. The red oxide, digested m the cold with excess 
of corro&ive sublimate dissolved either in water or m alcohol, forms black 
HgC3,2HgO, but when the oxide is m excess, and the chloride is used in 
the state of aqueous solution and frequently renewed, a more energetic 
action takes place, and the compound formed is HgCl,6HgO -f HO, by 
operating in a similar manner, but using a somewhat larger quantity of 
the chloride solution at first, the anhjMrous compound HgCl,6HgO is 
produced.—Finally, the nature of the pioduct is influenced by trituration; 
for, by triturating the red oxide in the cold with solution of corrosive 
sublimate renewed at short intervals, the product HgC3,4H«-0 is 
obtained. *!T 
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Mercuric oxychloride is resolved, even below a red heat, into oxygen 
gas, sublimed piotochloride of mcicury, mixed with a small quantity of 
calomel, and a residue of mercuric oxide The libeiation of oxygen gas 
and calomel is produced by the chlorine abstracting a portion of the mer 
cury which is in combination with the oxygen—an effect which takes 
place to a greater extent, the more suddenly the compound is heated.— 
100 parts of the compound thus decomposed, yield 20 parts of proto- 
chlonde of mercury, mixed with a small quantity of calomel, and 80 
parts of protoxide (Braamcamp),—according to Proust • 35 per cent, of 
sublimed protoehlonde;—according to Grouvelle from 0*51 to 1 45 per 
cent of oxygen gas, 34 93 to 34 35 of a sublimed mixture containing a 
large quantity of calomel, and a very small quantity of the protochloride, 
and a residue of 64 56 to 64 20 of oxide.—The proportion of calomel to 
the protoehlonde is variable, the latter often predominating (Soubeiran.) 
—According to Phillips, the compound, when heated above 106°, gives 
off a small quantity of water, and afterwards a sublimate consisting, first 
of piotochloride of mercury, then of metallic mercury [probably because 
the residual oxide was decomposed by the heat] and calomel.—The 
oxychloride heated to redness with potash, yields oxygen gas, mercury, 
and chloride of potassium. (Soubeiran.) Aqueous solution of potash 
separates all the mercury from it in the form of protoxide.-—Heated with 
an acidulated solution of nitrate of silver, it yields chloride of silver. 
(Soubeuan )—Heated to 150' in a cuirent of ammomaeal gas, it is con¬ 
vened. with formation of water, into a }*eilow compound of the oxide, 
chloride, and amide of meiouiy. (Ullgien, Pogg 42, 394.) 

Mercuric oxychlonde di-^olves veiy sparingly in cold water, forming 
a solution winch turns reddened litmus blue ^Guibourt, J Chun med. 
3, 379 ) In boiling water it is somewhat moie soluble, and crystallizes 
fiom the solution, on cooling, m dark brown, ciystallme granules. 
(Donovan ) 

When an aqueous solution of corrosive sublimate is boiled with a 
small quantity of mercuric oxide, the latter dissolves, as was long ago 
observed by Proust; tbe solution becomes turbid on cooling, and deposits 
mercuric oxychloride. 

D Chloride op Mercury and Hydrogen, or Acid Hydrochlo- 
rate of Mercuric Oxide.— 135*4 pts (lAt) of protoehlonde of mer¬ 
cury dissolve at 23 3° m 67*7 pts. (1 At) of hydrochlonc acid of specific 
gravity 1 158. the solution being attended with rise of temperatuie, and a 
liquid being formed which has a specific giavxty of 2 412, and when 
cooled a few degrees, immediately solidifies m a pearly mass made up of 
needles This substance liquefies wTten held m the warm hand, and on 
exposure to the air or on the application of heat, it gives off hydrochloric 
acid and water, and leaves piotochloride of mercury. (J. Davy, Phil . 
Trans 1822, 361.) The crystals contain 2 At. of chloride of mercuiy 
and 1 At hydrochloric acid. At a higher temperature, 1 At. hydrochloiic 
acid dissolves 4 At, protochloride of mercury, part of which is precipitated 
on the addition of water (Boullay, Ann. Chun. Phgs 34, 243 ) 

E. Chlorate or Mercurous Oxide, or Mercurous Chlorate.— 
Mercurous oxide dissolves at find; in aqueous chloric acid, and the salt 
afterwards separate^ in gieenish yellow granules, having a famt metallic 
taste. On hot platinum, it deflagrates with a red flame, trying off 
°xygen gas, and leaving a mixture of protoxide and protochloride of 
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mercury. It is slightly soluble in boiling water. (Vauquelin, Ann . Chim. 
9.5, 108.) IT According to Wachter, (J pr, Glieni 80; 321); this salt 
forms beautiful prismatic crystals, which are soluble m water and alcohol; 
when heated; it gives off calomel, oxygen, and metallic mercury. Its 
formula is Hg 2 0, CIO 5 . IT 

F. Chlorate or Mercuric Oxide, or Mercuric Chlorate — 
1. Formed by dissolving mercuric oxide in gently heated chloric acid, 
and cooling the solution to the crystallizing point. (Vauquelin.)—2 By 
heating mercuric oxide with successive portions of chlorine-water, filtering 
from the mercunc oxychloride thereby produced, and concentrating the 
filtrate by evaporation, crystals of corrosive sublimate are then deposited, 
and chlorate of mercuric oxide remains m solution. (Braamcamp & 
Siqueira ) Small needles, which redden litmus, taste like corrosive sub¬ 
limate, and when heated, are resolved into ox} T gen gas, protochlonde of 
mercury, calomel, and metallic mercury (Vauquelm.) The salt does 
not deflagrate on led-hot coals, but sets fire to sulphide of antimony, 
when mixed with it at ordinary tempei ature.s, and emits sparks when oil 
of vitriol is poured upon it, the acid at the same time acquiring a yellow 
colour Deliquesces in the air (Biaamcamp & Siqueira ) 

G Perchlorate or Mercurous Oxide, or Mercurous Perchlo¬ 
rate —The solution of mercurous oxide m aqueous perchloric acid, 
yields, on evaporation, small prisms united in tufts, they are permanent 
in the air, and deflagrate on red-hot coals. Their solution gives a black 
precipitate with ammonia. (Serullas.) 

H. Perchlorate of Mercuric Oxide, or Mercuric Perchlo¬ 
rate. —Formed by satuiatmg the warm acid tv ith mercuric oxide, which 
does not neutralize its power of reddening litmus—concentrating the 
filtrate stiongly by evaporation, and leaving it to itself m the diying 
chamber at a tempeiatuie of 25k In this manner, transparent and 
colourless crystals are pioduced, having the form of rectangular prisms 
and tables. The salt is very deliquescent, its solution yields with 
potash, a reddish yellow, with ammonia, a white piecipitate, and with 
alcohol, a white piecipitate, which aggregates m the form of red mercuric 
oxide, the liquid filteied fiom the latter precipitate leaves on evaporation 
a mixture of meicunc and mercurous salt. (Serullas, Ann, Chim. Pfojs. 
46, 306 ) 

I. Phosphochloride of Mercury. — Formed by passing phos- 
plmretted hydrogen gas through the aqueous or alcoholic solution of 
protochloride of mercury: 

6H S CI -f PH 3 = HgSp^HgCl -r 3 If CL 

Pure phosphuietted hydrogen gas is completely absorbed; the first bubbles 
often produce a blackish precipitate, which, however, soon turns yellow. 
If the air he excluded during the precipitation, and a part of the clilonde 
of mercury be left undecomposed, the liquid will not contain either phos¬ 
phorous or phosphoric acid, but free hydrochloric acid, which, however, 
will not dissolve the piecipitate. The whole of the mercury is precipi¬ 
tated, provided a sufficient quantity of phosphuretted hydrogen is passed 
through the liquid, the compound precipitated at the "beginning of the 
action agrees exactly with that which is thrown down towards the end. 
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The precipitate is quickly washed on the filter with cold water, till the 
liquid which runs through no longer produces a tuibidity m solution of 
silver, it is then pressed between bibulous paper, dried in vacuo over oil 
of vitriol, and kept m stoppered bottles, completely filled with it 

Yellow powder—When heated m a retoit, it yields a large quantity 
of hydiochloiic acid gas (sometimes mixed with hydrogen gas, with phos- 
phuretted hydrogen, and, especially if the heat be suddenly applied, with 
vapour of phosphorus), 77*59 per cent of metallic mercury, and a residue 
of unfused phosphoric acid. It sometimes also gives off very small quan¬ 
tities of water, but only when it has not been perfectly dried [Should it 
not, when dried as completely as possible, and carefully heated, be 
resolved merely into mercury, hydi ochloric acid, and phosphorous acid ? 

HrP- 3HgCl *r 3HO — 6Hg + 3HC1 -r P(Y ] 

When heated before the blowpipe, it exhibits at first a green phosphoric 
flame When washed with water between 60° and 70°, it turns grey from 
reduction of mercury, and by boiling with water is completely resolved 
into mercury, and a solution of hydrochloric and phosphorous acids free 
from mercury The same decomposition takes place gradually at ordinary 
temperatures, when the powder is immersed m water or exposed to moist 
air A strong solution of potash immediately blackens the yellow powder, 
and at a boiling heat separates all the mercury m the metallic state, and 
takes up hydrochloric and phosphorous acid Hydrosulphuric acid gas 
passed through water m which the yellow powder is suspended, converts 
the latter into a black mixture of mercury, sulphide of mercury, and a 
small quantity of phosphide, which has escaped decomposition by the 
water, the latter decomposition, however, is the source of the phosphorous 
acid which together with the hydrochloric acid, is contained m the watery 
liquid, The yellow powder heated with dilute nitric acid liberates mtiic 
oxide, and is converted into 86*77 percent of calomel, the filtrate contains 
9 20 per cent, phosphoric acid, and as much mercury and chlorine as cor¬ 
responds to 5*41 percent, of calomel, so that the total quantity of calomel 
amounts to 92*18 per cent. (H. Rose, Fogg. 40, 75 ) 


H. Rose. 


6Hg 
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78 47 

78 52 

P 

31 4 

4 11 
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3C1 
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3HO 
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3 53 


Hg-P,3HgClT3Aq 

704 6 

100 00 



K Mercuric Sulphochloride —1 Obtained by precipitating a 
solution of corrosive sublimate with a quantity of sulphuretted hydrogen 
not sufficient to convert all the mercury into sulphide The precipitate, 
which at first is black, brown, or yellow, from excess of mercuric sulphide, 
soon becomes white, especially on agitation, by taking up a larger quantity 
of chloride.—2. By precipitating all the mercury fiom a solution of cor¬ 
rosive sublimate with excess of sulphuretted hydiogen, and boiling the 
sulphide of mercury, while yet moist, with fresh solution of corrosive sub¬ 
limate in excess, till it turns white. Black sulphide of mercury previously 
dried, and likewise cinnabar, undergo no change when boiled with corro¬ 
sive sublimate. An excess of the black sulphide boiled, while yet moist, 
with solution of corrosive sublimate, robs the latter of all its mercury. 

White powder or friable mass resembling white precipitate. 

When slowly heated m a glass tube, it is resolved into mercuric 
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chloiide and cinnabar, botb of which sublime, tbe chloride occupying the 
upper, and tbe sulphide the lower place If a sudden heat be applied, a 
portion of the undecomposed compound mixes with the sublimed chloride, 
and remains behind when the latter is dissolved m water When diffused 
thiough water, it is converted by sulphuretted hydiogen into black 
sulphide of mercury, with separation of hydiochlouc acid. In aqueous 
solution of potash 01 soda, it turns black and gives up its chlorine, the 
action being accelerated by heat. The same effect is produced by solution 
of carbonate of potash or soda, excepting that these reagents act very 
slowly at ordinary temperatures. The compound heated in a cuirent of 
chlorine gas yields chloride of sulphur and protochloride of mercury. 

2HgS HgCl 4- 3Cl = 3HgCl + S 2 C1. 

It is immediately decomposed by boiling nitric acid, the greater part of 
the sulphur being converted into sulpbunc acid According to H Rose 
(Pogg 13, 59) it is not dissolved or decomposed by sulphuric, hydro¬ 
chloric, or nitric acid, cither cold or hot, dilute or concentrated. (Co?)ip. 


Pagenstecher, Bepert 73, 1 ) 
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L. Sulpitate of Mercurous Ciiloride —Calomel (not corrosive 
sublimate) absorbs the vapour of anhydrous sulphuric acid, and foims 
therewith a translucent mass (H. Rose, Fogg . 44, 325) 

M. Mercuric Culorosulpiiate —Meicunc sulphate, which is 
not fusible by itself, foims a fusible compound with protochlonde of 
mercury. (Mohr, Ann. Pharni 31, 183) 

N. Prqtochlori.de of Sulphur with Dicxiloride of Mercury — 
CMoroJiy}->osuljite mercintnx —1 Foimed by veiy gently heating an inti¬ 
mate mixtuie of 94 pts corrosive sublimate and 6 sulphur m a porcelain cap¬ 
sule covered with a funnel, the vessel bemgfiom time to time taken off the 
fire. in oidei to remove the ciy&tallme film which collects on the surface 
of the liquid. Only a very small quantity of chloride of sulphur escapes 
during the process —2. Calomel powder is mixed with [proto-1] chloride 
of sulphur to the consistence of a paste, and the mixture placed for 
24 hours in a close vessel, after wdiich it is gently heated * the excess of 
chloride of sulphur escapes first, and subsequently the residue turns led 
and sublimes.—3 When a mixture of protochloride of mercury and penta- 
sulphide of arsenic is heated m a retort, terchloiidc of arsenic passes over 
first, and afterwards mercurous chloroliyposulphite sublimes m very regular 
crystals, protosulphide of mercury being foimed at the same time: 

7HgCl -f AsS* = As CP -u 3HgS + 2(Hg-Cl,SCl) 

Pale rectangular prisms and needles, sometimes with the longer lateral 
edges truncated. When heated, they fuse into a brown liquid, which 
boils and evaporates without decomposition. Watei immediately extracts 
protochloride of mercury from it, separating the sulphur in the form of a 
granular powder. (Capitame, J. Pharm. 25, 525, and 566, also J. pr. 
Chem. IS, 422.) 
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Capitaine. 

2Hg 200 0 69 74 69 00 

S 16 0 5 58 .. 5 b5 

2C1 70 S 24 68 24 67 

' Hg-CLSCl 2b0 3 100 00 99 62 

0. Mercuric Chloriodide —HgI,2HgCl —Formed by adding prot- 
iodide of mercury to a boding aqueous solution of eoirosive sublimate, 
as long as it dissolves, and leaving the compound to ciystallize by 
cooling. Wlnte, indented, fern-like laminae The aqueous solution .of 
this compound mixed with sal-ammoniac and carbonate of soda, deposits 
white pjecipitate , while iodide of sodium remains m solution. (Liebig, 
Sckw. 49, 2 52 ) 

A solution of corrosive sublimate completely saturated with iodide of 
meicury deposits, on cooling, nothing but a yellow powdei, containing 
64 15 pts (I At ) of protiodide of mercury, and 35 85 pts (1 At.) proto- 
chloride , this substance soon decomposes spontaneously, assuming the red 
colour of protiodide of mercury If, on the other hand, the solution of 
eoirosive sublimate is less completely saturated with iodide of mercury, it 
deposits, on cooling, first the yellow powdei, and afterwards pale yellow 
crystals, which likewise turn red iP Boullay, Ann . Chun Phys . 34, 340.) 
Larocque (A J. Pharm. 4, 15) occasionally obtained a similar compound, 
sublimed partly in red crystals, parrlv m yellow crystals, which soon 
turned ied, these crystals contained chlorine as well as iodme. 

A solution of eoirosive sublimate saturated m the cold with iodide of 
meicury, yield*, on evapoiation and cooling, colouxlesa needles, containing 
06 07 parts (40 At.) of corrosive sublimate and 3 93 (1 At) of mei curie 
iodide (Lassaigne ) On adding solution of conosive sublimate to an 
aqueous or alcoholic iodine-solution, till the latter is neaily decolorized, 
and evaporating at a gentle heat, the liquid on cooling deposits white, 
silky needles, united m feathery tufts, perfectly volatile without decom¬ 
position when heated, and containing 97 88 pts (40 At ) of protochloride 
of mercury to 2*12 pts. (1 At) of iodine [doubtless m the form of mer¬ 
curic iodide; the chlorine liberated from the corrosive sublimate by the 
iodme probably formed chloride of iodine]. If the iodme is in excess, the 
needles are reddish, fiom admixture of mercuric iodide, they may be freed 
from thus impuiity by solution in water and filtering The aqueous 
solution of the needles gives, m general, the reactions of corrosive subli¬ 
mate, with ammonia, it yields a yellowish white precipitate, which m 
time turns brown. The solution gives no blue colour with starch, even 
on the addition of chlonne or sulphurous acid (Lassaigne, Ann. Chun. 
Phys. 63, 106, also J Chun. Afed 13, 11 ) [May not Lassaigne’s esti¬ 
mation of the iodine be too low, and may not his crystals he identical 
with those obtained by Liebig 

Mercury and Fluorine. 

A. Bifluoride of Mercury, or Mercurous Fluoride —This com¬ 
pound sublimes, mixed with calomel, when calomel is heated with fluoride 
of sodium. White, insoluble m water. It is not produced on subliming 
protofluoride of mercury with metallic mercury, neither does hydrofluoric 
acid produce any turbidity xu solution of mercurous nitrate, even when 
the mixture is evaporated over mercury, nothing but the nitrate 
crystallizes out. 

VOL. VI. 
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B. Protofluoride of Mercury, or Mercuric Fluoride —Finely 
pulverized mercuric oxide forms, vith rather stiong hydrofluoric acid, a 
light orange-yellow powder, soluble without colour m a larger quantity 
oi water, with a more dilute acid, the oxide forms at once a colourless 
solution From this solution, the niercunc fluoride ciystalhzes, on evapo¬ 
ration, m daik yellow prisms. (Gay-Lussac & Thenaid, Beizelius ) The 
compound, when heated m a platinum vessel, partly sublimes undecom¬ 
posed m small, light yellow crystals, but the lemaimng brown mass 
contains fluoride of platinum, and forms a brown solution with hydro¬ 
chloric acid. This solution gives with ammonia a dark brown precipitate, 
which fumes when ignited, and leaves metallic platinum When meicurie 
fluoride is sublimed m glass vessels, almost complete decomposition ensues, 
gaseous fluoride of sihcium being evolved, and mercury set free. The 
compound forms a white double salt with ammonia With water, it is 
resolved into an insoluble yellow basic salt, and a colourless solution of 
acid hydrofluate of mercinic oxide , which has a very sour taste, and, 
on evaporation, again yields crystals of mercuric fluoride. (Berzelius, 
Fogg JL,3j) 


C. Mercuric Sulphofluoride — Formed by passing through the 
solution of mercuric fluonde m aqueous hjuliofluoiic acid, a quantity of 
sulphuretted hydrogen not sufficient to convert all the mercury into 
sulphide It may also he obtained by treating the solution of mercuric 
oxide m hydrofluosilicic acid with sulphuretted hydrogen, hut the precipi¬ 
tate then contains a small quantity of silica 

After drying at a gentle heat, it forms a heavy white powder, still 
containing water; but by long drying at a higher temperature, it is con¬ 
verted into a yellowish-white, anhydrous pow T der, which turns white 
again when moistened. 

By boiling water it is resolved into soluble fluoride of mercury and 
insoluble sulphide, mixed, however, with a small quantity of ba^ic hydro- 
fluate of mei curie oxide When heated m a glass tube, it is converted 
into gaseous fluoride of sihcium [oxygen gas], meicury, and sulphide of 
mercury Cold solution of potash turns it red, the hot solution black. 
With hot oil of vitriol it yields vapour of hydrofluoric acid and the com¬ 
pound of mercuric sulphate with protosulphide of mercury (p. 32). It is 
not decomposed by hot hydrochloric or nitric acid (H Rose, Pogg 13, 66 ) 


3Hg. 300*0 

2S . 32 0 

R ... 18 7 

2HgS,HgF 350 7 


In consequence of the difficulty of drying 
sulphur turned out too small. 
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5 33 
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the compound, Rose's estimation of the 


Mercury and Nitrogen. 

A. Nitride of Mercury. —Hg 3 N.—To form this compound, mer¬ 
curic oxide precipitated from corrosive sublimate by caustic potash, and 
then well washed and dried, is placed in a tube, and dry ammoniacal gas 
passed oyer it in the cold, till the oxide is completely saturated; the 
product is then gradually heated to loO" in an oil-bath, the passage of 
the gas being still continued, as long as water continues to pass off; 
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3HgO -r NH^ = Hg®N + 3HO. 

The nitride of mercury thus obtained, is always mixed with globules of 
mercury, even when it has been heated above 120° The metallic mer¬ 
cury may be leraoved by means of cold dilute nitric acid, after which the 
nitride is to be washed and dned When ammomacal gas is passed over 
mercuric oxide previously heited to a temperatuie between 100 J and 
200 , till water is no longer gnen off, nothing is obtained but a blackish- 
grey mixture of mercury, mercurous oxide and a small quantity of nitride 
of mercury. On treating this mixture with dilute nitric acid, there are 
obtained, 'besides metallic mercury, cinnamon-brown curdy flakes, pro¬ 
bably consisting of nitride of mercury combined with nitrate of mercurous 
oxide, when heated, they explode slightly, giving off nitrous fumes, and 
perhaps also nitrogen gas, and likewise yield metallic mercury and a 
sublimate of mercurous and mercuric nitrate 
Dark flea-brown powder. 


3H g 
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. 
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This compound deflagrates with a white flame bordered with bluish- 
purple, the explosion is stiong enough to break glass and porcelain, 
being m fact almost as violent as that of iodide of nitrogen. These effects 
axe produced when the substance is struck with a hammer, oi rubbed 
with a glass rod on a watch-gla^s winch is then peifoiated with a round 
hole The compound likewise explodes by heat or by contact with oil of 
vitriol, a white powder remaining m the latter case To pioduce the 
explosion, however, requires a harder blow and a much higher tempera¬ 
ture than in the case of iodide of nitrogen. Nitride of meicury carefully 
and intimately mixed with oxide of copper and heated, yields nitrogen 
gas and mercury, but no water Treated m a similar manner with hydrate 
of potash, it yields ammomacal gas and sublimed metallic mercuiy [and 
oxygen gas?] without detonation. Concentrated nitric acid at 40° 
dissolves it, forming a solution of nitrate of ammonia and nitrate of 
mercuric oxide Dilute sulphuric acid acts upon it at a boiling heat, 
forming a solution of sulphate of mercuric oxide and ammonia, whilst a 
small quantity of yellow terbasic mercuric sulphate remains undissolved. 
Hydrochloric acid forms sal-ammoniac and protochloride of mercury, 
together with a small quantity of calomel. (Plantamour, AT. Bill, univers. 
32, 339, also Ann Bharm. 40, 115 ) 

B. Ammonium-amalgam.—A compound of excess of mercury with 
ammonium (NH 4 ). Simultaneously discovered by Berzelius and Pontin, 
and by Seebeck Formation. —1 By electneity. —a By placing strong 
ammonia m the circuit of the voltaic battery, the negative pole being 
formed of mercury m contact with the ammonia. (Berzelius & Pontin, 
Gilb. 0, 260, I. 458 )— h By electrifying in a similar manner a cup of 
carbonate of ammonia (or hydrochlorate . H Davy } or sulphate * Gay- 
Lussac & Thenard , or phosphate) filled with mercury, connected with 
the negative polar wire, and resting upon a metal plate in connexion 
with the positive pole. (Seebeck, A Gehl 5, 482 ) Oxygen gas—or 
chlorine when hydrochlorate of ammonia is used — is evolved at the 
positive, but scarcely any gas at the negative pole. (I 460.)—2. By 
bringing the amalgam of potassium, sodium, or barium in contact with a 

f 2 
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moistened ammoniacal salt or its aqueous solution, or witli strong aqueous 
ammonia. (H Day y } Phil. Trans 1 SOS, 353, 1810, 55, also Gilb. 33, 
246; 37,183) 

wUg,K + NK 3 ,HC1 = xBg, NH 4 + KC1. 

Ammonium-amalgam thus piepared retains a small quantity of potassium 
or sodium, which rendeis it more durable (H Davy ) Sodium-amalgam 
acts more poweifully on sal-ammoniac than potassium-amalgam The 
best mode of pieparation is to heat 1 part of sodium with 100 parts of 
mercury under rock-oil, till the amalgam forms, set it aside till needles 
shoot out from it, poui off the portion which still remains liquid, place 
the needle-shaped amalgam in a watch-glass, and pour upon it a tkm 
stratum of satuiated sal-ammoniac (caibonate of ammonia does not act so 
well) (Bottger, J pr. Chem . 1, 302, 3, 281 ) 

In all these cases, the meicury swells up to five times its original 
bulk (Gay-Lussac & Thenaid, Rechei ekes, 1, 52, also Gilb 35, 133, 36, 
217); eight or ten times, according to Davy, twenty times, accoidmg to 
Bottger. When cooled below 0 3 , the amalgam solidifie 3 , and ciystallizes 
in cubes. (H Davy) When cooled to a very low tempeiature by a 
vaporizing mixture of solid carbonic acid and ethei, it contiacts, without 
giving off gas, and becomes buttle, exhibiting a daik grey, faintly lustrous 
fractale, and m this state remains undecomposed, but gives off gas as it 
liquefies (Grove, Phil J lag J. 3 9, 98, also Pogg. 49,210) At ordi¬ 
nary temperatures, the amalgam has the consistence of buttei, and the 
colour of mercuiy, it is lighter than water, and when obtained by (1, a) 
exhibits an arborescent, crystalline structure. (Beizelius.) 

Ammonium-amalgam, when left to itself, separates spontaneously into 
liquid mercuiy, and a mixture of 2 vols ammoniacal gas and 1 vol 
hydrogen. 

The amalgam formed by electricity resolves itself into 1 vol mercury, 
4 vols ammoniacal gas, and 2 vols hydrogen. (H Davy ) [This makes, 
by weight, 17 ammonia and 1 hydiogen to 75333 mercuiy, or 18 parts 
(1 At) ammonium to 75333 (753 At) meicury] The amalgam pre¬ 
pared by means of potassium, the volume of which amounts to five times 
that of the mercuiy used, yields, on decomposition, 1 vol mercury to 
3 47 hydiogen and b 67 ammoniacal gas—or, by weight, 1 part nitrogen 
and hydrogen to 1800 meicury. (Gay-Lussac & Tbenard.) 

In ammonium-amalgam cooled to a veiy low temperature by carbonic 
acid, this decomposition does not take place (Grove), but at—29 3 , it is as 
rapid as at ordinary temperatures. (H Davy )—The amalgam obtained 
by the electric method decomposes as soon as it is taken out of the 
voltaic circuit (Berzelius); that which is prepared with potassium or 
sodium remains undecomposed for a longer time, because it still retains a 
portion of these metals It resists decomposition longest when kept m a 
vessel filled with hydrogen (Berzelius.)—The decomposition takes place 
even under a fixed oil. (H. Davy.) It is accelerated by agitating the 
amalgam either alone or with mercury, also hy contact with rock-oil, and 
still more with alcohol or ether (Gay-Lussac & Thenaid ) 

When the amalgam decomposes m the air, the same phenomena are 
produced, and are not accompanied by absorption of oxygen or foimation 
of carbonate of ammonia In water it is resolved into mercury, aqueous 
ammonia, and hydrogen gas, in oil of vitriol, mto mercury, sulphate of 
ammonia and sulphur. (H. Davy ) 
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C Nitrite of Mercurous Oxide, or Mercurous Nitrite —An 
aqueous solution of mercurous nitrate absorbs a large quantity of nitrous 
gas, and foims a solution of mercurous mtnte, while a poition of tbe 
nitrite is deposited m the crystalline form (Peligot, Ann. Chun Phys. 
54, 25 ) —When, therefore, strong nitric acid is made to act upon mer¬ 
cury m a sealed glass tube, with the yiew of pioducmg liquid nitric 
oxide (II 377), the pressure never rises above two atmospheres (Nie¬ 
mann, X Bt\ Arch. 4. 25 ) 

According to C G. Mitscherhch, a lemon-yellow, sparingly soluble 
basic salt is obtained by gently heating crystallized mercurous mtiate 
either alone or o^ver meicuiy, or by boiling the aqueous solution of that 
salt vith mercuiy till the liquid acquires a deep yellow colour. 

®~ Accoidma to Lefoit (X J Phcirm 8, 5), mercurous nitrite is alwa} r s 
produced together with the nitrate, and likewise with the nitrite and nitrate 
of mercuric oxide, when mercury is acted upon by very stiong nitric acid. 
According to Gerhardt, on the contrary, the nitute of mercurous oxide 
does not exist, or, at least, has not yet been obtained,—and the salt 
sometunes described as such is really a nitrate ol mercuroso-mei curie 
oxide (73.) It has also been stated that mercurous nitrite is formed by 
the action of hypomtne acid vapour on metallic meicury Gerhardt, how¬ 
ever. finds that the only products of this action are mercurous nitrate 
and nitiic oxide. 

2N0 4 -2Hg = Hg-O,N0 5 -rN0- «[ 


B Nitrate or Mercurous Oxide, or Merclrous Nitrate — 
Submti ate of 21et cury—a Bibuu-c —1 Foimed by washing the sesqtn- 
basic or monobasic mtiate xepeatedly with cold water, till it has acquired 
a light lemon-yellow colum This “colour is more quickly produced by 
boiling the salt with watei, care must, however, be taken not to change 
tlm liquid too often, and to stop the process as soon as a grey colour 
(arising from the presence of metallic mercury) begins to make its 
appeal ance among the yellow The addition of potash to the water 
increases the quantity of bibasic salt, but impairs its colour and renders 
it less pure (Kane )—2 The same salt separates m yellow crystals of 
the size of needles’ heads, when a solution of mercurous nitrate is left to 
stand for a long time [over mercury]. (Kane.)—The salt, when heated, 
gives off red vapours and drops of nitric acid [because it contains water], 
and leaves a residue of mercunc oxide By long boiling with watei, it 
is convex ted into a grey powder, consisting pnncipally of globules of 
mercury, while the watei takes up mercuric nitrate (J^ aTie J Ann Chun 
Phys 72, 252.) The giey powder obtained by treating this salt with a 
quantity of potash not sufficient to decompose it completely, is not a 
peculiar basic salt, as Donovan supposes, but a mixture of the yellow salt 
with mercurous oxide. (Kane ) 
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On boiling the monobasic salt with water till the residue turns grey, 
and evaporating the filtrate, which contains but a mere trace of mercuric 
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salt, small, lemon-yellow, sliming crystalline scales are produced, contain¬ 
ing both dioxide and protoxide of mercury. This salt is perhaps identical 
with that examined by Kane. ( Yid sup ) It decomposes and turns 
black when boiled with water Baryta-water converts it into a black 
powder, which, when tieated with hydrochloric acid, yields calomel and 
a solution of corrosive sublimate, with cold bydioehlone acid, it slowly 
yields calomel, and then dissolves completely, hot hydrochloric acid 
dissolves it moie quickly. 

When the sesquibatsic or monobasic nitrate is treated with a smaller 
quantity of cold water, a white powder is obtained, which, however, on 
being washed -with a fresh quantity of water, is conveited into the yellow 
salt a (Kane) 

*! a. 5 At. Base to 3 At Acid l —1. Formed by boiling the solution 
or the mother-liquid of either of the two following salts, b or c, with 
excels of mercury for several hours—the water being replaced as it 
evaporates—and then leaving it to cool^—or by leaving the crystals of 
b or c in contact with their wothei-liquid and with metallic nieicury, at 
ordinary temperatures (Marignac, S. Ann. Chva. Flips 37, 328 )— 

2 By diffusing the monobasic nitiate through a small quantity of water, 
and heating to the boiling point. (Geihault, Ann. Fhaini 72, 77.)— 

3 By heating dilute nitric acid to a temperature between 40 = and 80 c m 
contact with mercury —4 By mixing a solution of the monobasic salt c 
with bicarbonate of potash, till a piecipitate is produced, separating the 
liquid from that piecipitate, and leaving it to crystallize by evaporation. 

>—5. By evapoiating to dryness the product obtained on treating excess 
of mercury with strong nitric acid, and digesting the residue m boiling 
water (Lefort, j\\ J . Pkaim. 8, 5)—Large, shining, oblique rhombic 
prisms, belonging to the doubly oblique piismatic system, colourless, or 
exhibiting a meie tmge of yellow. (Mariguac, Geihaidt.) 


lOHg 

1000 

81 97 

Mangnac. 

83 92 

Gerhardt. 
SI 9 to 82 2 

50 

40 

3 27 

3 27 


3N0 5 
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13-28 

13 11 


2HQ 

38 

1 48 

1 70 

2 0,, 2 2 

5Hg*0,3X0 5 i-2Aq. 

1220 

100 00 

100 00 



Opinions are divided respecting the true formula of this salt. It -will be 
seen that the analytical results obtained by Gerhardt and Marignac agree 
very closely, and are likewise very near to the numbers calculated from 
the formula above given. Accordingly, Marignac regards this formula as 
the tiue one Gerhardt, on the contrary, supposes that the crystallized 
salt is bibasie, (2Hg~G,N0 5 +Aq ) identical, indeed, m composition with 
the yellow powder a , which be considers to be merely an amoiphous 
variety of it; in fact, he is of opinion that the determination of the 
mercury in the preceding analysis is too low, because a perceptible quan¬ 
tity of mercury is always lost m the analysis This loss Gerhardt esti¬ 
mates at about 1 or 1*5 per cent m all mercuiy determinations If tins 
be admitted, and the per centage of the mercury increased accordingly, 
the result will be very near to the per centage required by the formula * 
2Hg 2 0,N0 5 -f HO. It must, however, be observed, that such an error 
would affect the analysis of the yellow powder a , as well as that of the 
crystals, and, nevertheless, Marignac finds in the former a larger per 
centage of mercury than m the latter Moreovei, the per centage of 
nitrogen (determined by a process similar to that recommended by Dumas 
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for the analysis of azotized organic compounds—that is to say. by igniting 
the salt m a tube, passing the vapour over finely divided metallic copper, 
and collecting the mtiogen ovei mercury) is found to be greater m the 
crystals than m the powder—a result which is, of course, independent of 
any error in the determination of the mercury. On the whole, then, it 
appeals probable that IMangnao’s formula for the crystallized salt is 
correct, and that the real bibasic salt is the yellow pow der a, obtained by 
treating the sesquibasic or monobasic nitrate with a large quantity of 
water—Lefort assigns to these crystals the formula * 2Hg~0,N O 5 4- 2HO, 
differing from that of Gerhardt only m the quantity of water, for the sum 
of the quantities of water and mercury m the crystals he finds from 85 6 
to 85 4 p e., Geihardt’s foimula requires So 4 IT 

h Sesquibasic —1 Formed by placing excess of mercury for a con¬ 
siderable time in contact with cold dilute nitnc acid, till the crystals of 
the monobasic salt which form at first, are giadually di&solved and 
replaced by those of the sesquibasic salt —2 By heating the monobasic 
salt with mercurous oxide, and with water mixed with nitric acid. The 
ciystals obtained by (2) have the same composition as those obtained by 
(1), but a different form, exhibiting therefore a case of dimoiphism' T 
(C. G. Mitscherlich)—3. By placing 2 pounds of mercury m a flat- 
bottomed flask, standing on a thick metal plate, so that it may not be 
over-heated, and covering the mercury with nitric acid of the ordinary 
commercial strength In the course of 24 hours, the whole is converted 
into large crystals of the salt 5, and a small quantity of mother-liquid. If, 
instead of the ciystals, a warty mass should be obtained, tins mass must 
be dissolved m the smallest possible quantity of water acidulated with 
nitric acid, and the solution left to evaporate m the hot air chamber 
Large crystals then form in the couise of two days, they aie left to drain 
upon a funnel, and then washed with a small quantity of nitnc acid 
(Mialhe, J. Pkarm. 22, 588.) IT 4 The solution of mercury m warm 
dilute nitric acid, which generally yields the neutral salt, sometimes 
deposits prismatic crystals of the sesquibasic salt, these, however, when 
left in the solution for some time, become changed into the neutral salt. 
(Gerhardt.)—5. By heating the crystals of the normal salt with the 
mother-liquid from which they have separated, and with excess of mer¬ 
cury, and leaving the solution to crystallize by cooling, this method, 
however, often yields crystals of the -f-basic salt a\ (Marignac.)—6. By 
boil mg 1 pt. nitnc acid of specific gravity 1 42 with 5 pt«s water and 
excess of mercury for five or six hours, and replacing the water as it 
evaporates If the boiling be not continued long enough, ciystals of the 
salt b are deposited. (Lefoit ) *T 

Large, transparent, and colourless prisms. The crystals dissolve 
without decomposition in a small quantity of water, but when treated 
with a large quantity of water, either cold or hot, they aie resolved into 
the yellow salt a and a soluble acid salt When triturated with common 
salt and with water, they yield a filtrate free fiom mercury, and a greenish 
powder, which may he regarded as a mixture of calomel and mercurous 
oxide. (C. G. Mitscherlich ) 

1[ * Tins statement respecting the dimorphism of the sesquibasic salt is contra¬ 
dicted by Gerhardt, who suggests that Mitscherlich may have confounded it with the 
bibasic (or f-basic) salt a with which he was not acquainted in the crystalline form. 
In fact, the pioress by which Mitscheihch obtained his second modification of the sesqui¬ 
basic salt is exactly that by which the salt a' may be prepared. Moreover, the propor¬ 
tions of mercury in the two salts differ but little. 
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C G. Mitscherlich. 


Ci ystalhzed 

(1) 

(2) 

oHg s O 

624 

82 22 

82 09 

82 83 

2NG 5 

108 

14 23 

14 21 

14 19 

3HO 

27 

3 55 

3 70 

2 98 

3Hg 2 0,2N0 5 + 3Aq 

759 

100 00 

100 00 

100 00 


3Hg 2 0 
2 NO 5 
HO 


Y According to Geihdrdt. 

Calculation. Experiment. 

624 84 21 82 2 to 82 5 

108 14 58 

9 1 21 19 


3Hg 2 0,2NG 5 + Aq. 741 100 00 

Accoi dmg to Mangnac. 
Calculation 

4Hg 2 0 .. 832 82 95 

3N0 5 lb2 16 15 

HO 9 0 90 


4Hg 2 0,3X0 5 + Aq 1003 lOO'OO 


Experiment. 
82 5 


4 2 to 4 5 
1 1 „ 1 3 


In determining the formula of this, as of the preceding salt, Geihardt 
makes an allowance of about 1 5 per cent for loss of mercury m the 
analysis. 

Lefort assigns to the sesquibasic salt, the formula 3Hg 2 0,2N0 5 + 2^Aq ; 
he gives, however, for the sum of the quantities of water and metallic 
mercury contained in the salt, 82 5 to 82 6 per cent, a result agreeing 
very nearly with Gerbardt’s formula, which requires 80 9 per cent Hg 
-hi 3 Aq =82 2. IT Kane regards the ciystals as a compound of the 
salts a and c. = (2Hg 2 0,N0 5 + Aq ) + Hg 2 0,N0 5 +2Aq 

c. 2[onobcidc —Formed by placing excess of mercury in contact with 
cold dilute nitric acid, till short prisms are produced These, if left m 
the solution for a long time, are converted into the larger c^stals of the 
salt b. (C G. Mitscherlich )—2. By dissolving mercury m moderately 
strong nitric acid, evaporating the solution, which likewise contains mer¬ 
curic salt, to dryness, triturating the residue with meicury and water m 
a warm mortar, till the fluidity of the metal is destroyed, then dissolving 
in hot water slightly acidulated w ith nitric acid, filtering, and cooling the 
liquid to the crystallizing point (Bucholz) Short, transparent, and 
colourless prisms. (C. G Mitscherlich.) IT Bhombic tables derived from 
an oblique prism with rhombic base, belonging to the oblique prismatic 
system. The first crystalline deposit often consists of light prisms of the 
salt b 3 but these, when left for some time m the acid mother-liquid, are 
converted into the rhombic tables of the neutial salt. The lateral edges 
of these crystals aie sometimes replaced by broad faces, whereby they are 
converted into six-sided prisms. (Gerhardt.) IT 



Crystallized. 
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Hg 2 D 
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2HO 
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Lefort assigns to this salt the formula. 2Hg 2 0,H0,N0 5 -f 1S T 0 5 ,4|H0. 

The salt, when heated, is resolved into hyponitric acid vapour and a 
residue of mercunc oxide. 
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Hg 2 0,N0 5 = 2HgO 4- NO 4 

When thrown on red-hot coals, it detonates slightly, but with a bright 
flame Mixed with phosphorus, it detonates violently when struck with 
a hot hammer. (Brugnatelh, Ann Chun 27, 74 ) When it is triturated 
with common salt, and the mixture exhausted with water, the filtrate 
contains neither mercury nor free acid, and the residue on the filter con¬ 
sists of pure white calomel (G G Mitscherlich ) It dissolves completely 
in a small quantity of warm water. When treated v ith a larger quantity 
of water, it is resolved mto a soluble acid salt and the insoluble salt 6, 
which, by a still huger quantity of water is converted mto tbe salt a, and 
then further decomposed According to Pioust, the insoluble residue pro¬ 
duced by the action of hot water amounts to 36 or 37 per cent , according 
to Gromelle, cold water leaves a lesidue of 15 3 per cent In water con¬ 
taining a small quantity of nitric acid, the monobasic salt dissolves com¬ 
pletely, yielding a solution of the acid salt c 

d Acid J leicurous Xitiate—Solutio J lercurn fngide parata — 
1 Formed by dissolving the salt h or c m warm water, acidulated with a 
small quantity of nitric acid —2 By leaving excess of mercury for several 
months in contact with very dilute nitric acid—3. By boiling excess of 
mercury with very dilute nitric acid. The solution piepared by this 
method is more likely to contain mercuric &alt.—4. By dissolving mer¬ 
cury m hot concentrated mtr.c acid, evaporating to dryness, tntuiatmg 
the residue with excels of mercury till the fluidity of the latter is 
destroyed, and dissolving m waimvater slightly acidulated with nitric 
acid. (Bucholz ) Colouikss liquid, which depouts crystals of the sake 
m the cold. The skin wetted with the solution and exposed to light, 
acquires a purple stain, which afterwards turns black The solution of 
this salt, when exposed to the an, takes up oxygen and is converted mto 
mercuric nitrate, the same change is produced by continued boiling, mer¬ 
cury being then given off together with the water. .Proust.) With 
hydrocyanic acid, it yields a precipitate of metallic meieury 1 Scbeele, 
Opusc. 2, 165 , cyanide of mercury being formed at the same tune 
(Fr. John, Ann, Phaim . 21, 149.) The supernatant liquid contains 
cyanide of meicuiy, nitrate of ammonia, and carbonic acid. (Desckamps, 
J. Phaim 25, 22.) The decomposition probably takes place according to 
the following formula : 

6Hg 2 0 NO 5 - 5C-NH = SHg - 4(Hg,C-N> + NH 3 N<T j. SNO 5 t 2C0 2 + 2HO 

The formula given by Descliamps is not correct (For tbe other reactions 
of the solution of mercurous nitrate, vid Jletcuious Salts , pp 6, 7 ) 

IT D' MERcuRoso-MERcrmc Xitr ate —When a solution of mercu¬ 
rous nitrate is evaporated m a basm, the edges of the vessel, wheie the 
heat is the greatest, become covered with a light yellow salt, the formula 
of which is Hg 2 0,N0 5 t 2HgO (Geihardt.) A salt having the same 
composition had previously been analyzed by Brooke. The same com¬ 
pound is formed, with evolunon of nitric oxide, when monobasic mer¬ 
curous nitrate is fused This is the salt which Lefort and C G Mitscher- 
lich regard as mercurous nitrite , it cannot, however, contain nitrous acid, 
because when treated with strong oil of vitnol, it evolves nothing bat 
nitric acid, and, moreover, hydrochloric acid converts it into the insoluble 
didilonde and soluble protochloride of mercury. (Gerhardt.) IT 
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E Nitrate op Mercuric Oxide, or Mercuric Nitrate — 
a Sexbasic —Formed by boiling the yellow salt b with water The 
nitric acid is not completely lemoved, even by several hours’ boiling, but 
it giadually diminishes m quantity (Kane ) According to Murray, 
also, long boiling with water does not separate pure mercimc oxide, but 
according to C. G. Mitscherlich it does. Brugnatelh had pieviously 
recommended the boiling of mercuric nitrate with water as a means of 
obtaining the oxide, but the process is costly and uneeitam, and Dobe- 
remer, who tried it, obtained but a very small produet.—The sexbasic 
nitrate is a brick-red powder which, when heated, gives off red vapours 
together with a trace of water, and leaves pure mercuric oxide (Kane, 
Ann. Ohim. Phys . 72, 236.) 





Kane 
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Grouvelle treated his salt (which was probably the quadrobasic nitiate, 
and which Kane regards as a mixture of a and b) with boiling water for 
a short time only, when boiled for a longer time, it gives off acid, and, 
according to the same authority, turns red-brown 

b Terbasic —Remains behind when the crystallized bibasic salt is 
washed with cold water, as long as the water acqunes an acid leaction.— 
Heavy yellow powder—Cold water exerts no further action, boiling 
water dissolves out the monobasic nitiate and leaves the salt a (Kane ) 
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c. Bibasic —The acid solution d, when cooled and evaporated, yields 
this salt m long prisms and needles, which are tiansparent and colourless, 
and, according to Kane, have a metallic, non-acid taste The crystals, 
when heated, xesolve themselves into aqueous nitric acid partly decom¬ 
posed, and mercuiic oxide The crystals tutuiated with common salt 
and afterwards with water, yield protochlonde of mercury m the filtiate, 
and a red powder [mercuric oxychloride] on the filter (C. G Mitscher¬ 
lich.) With cold water, they are resolved into the yellow terbasic, and 
the soluble monobasic salt * 

2(2Hg0,N0 5 ) = 3Hg0,N0 5 + HgO,N0 5 . 

The aqueous solution thereby obtained again yields crystals of the salt c, 
on evaporation and cooling. 100 parts of the crystals treated with 
water, yield 26 parts of the basic salt. (Grouve.le) The crystals 
deliquesce in moist air. (Donovan, Kane ) They dissolve completely 
in water acidulated with nitric acid, forming a solution of the following 
compound. 
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<f. Monobasic /—Solutio Mercurii calide par at a —1 By dissolving 
mercuric oxide m nitric acid.—2 By dissolving mercury m excess of hot 
strong nitric acid, and boiling till a sample diluted with water is no 
longer rendered turbid by a solution of common salt —3 By boilmo- 
mercurous nitrate (a to c) with excess of nitric acid, and continu¬ 
ing the boiling till a diluted sample no longer gives a piecipitate of 
calomel with excess of common salt. The solution concentrated as much 
as possible by evaporation, is somewhat viscid, and, according to Proust, 
has a specific gravity of 3 47, it has a sharp metallic taste, and when 
aided by light, imparts a blackish led stain to the skm. On further 
evaporation (which causes an escape of acid) and cooling, it yields 
crystals of the bibasic salt Also, when aqueous protochloride of 
mercury is precipitated by an equnalent quantity of nitrate of silver, 
and the filtrate, which must contain the monobasic nitrate of mercuric 
oxide, is evaporated, the bibasic salt still crystallizes out C 6r. 
Mitscherlich ' l —"Water added to the concentrated solution throws down 
the yellow terbasic salt, the dilute solution neher m acid, is no longer 
precipitated by a further addition of water —Protochloride of tin throws 
down calomel from the solution. (Zaboada.) The solution easily takes 
up dimodide, dibromide, and diets londe of mercury; and from these 
solutions, the mercury of the three compounds ]ust mentioned may be 
precipitated in the form of calomel by common salt, but only when that 
substance is added m sufficient excess to convert the whole of the 
mercuric nitrate into corrosive sublimate. The iodide, bromide, chloride, 
cyanide, and sulphocvamde of silver likewise dissolve m the solution of 
mercuric nitrate. (Wackenroder, Ann . Phann 41, 317 ) 

** Eh Phosphonitrate op Mercurous Oxide, or Mercurous Phos¬ 
phonitrate —When a solution of ordinary phosphate of soda is poured 
into excess of mercurous nitrate dissolved in nitric acid, a white or 
slightly yellowish precipitate is formed, which disappears at first, but after¬ 
wards becomes permanent, and quickly settles down, when examined 
by the microscope, it is found to consist of pnsmatic laminae. It may be 
washed with cold water (Gerhardt, Ann. Pkarm. 72, 81.) 
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When, on the contrary, the mercurous nitrate is poured into excess of 
phosphate of soda, the precipitate is quite destitute of crystalline cha¬ 
racter, and has exactly the composition of terbasic meicurous phosphate. 
Gerhardt.) If 

F. Nitrate of Mercurous Oxide with Phosphide of Mercury._ 

Phosplmretted hydrogen gas passed through a solution of mercurous phos¬ 
phate, yields a deep black precipitate. This precipitate must be washed 
as quickly as possible with cold water, and dried in vacuo over oil of 
vitriol, but however quickly this may he done, globules of mercury, 
according to Rose, are sure to separate out, because a portion of the 
dioxide of mercury resolves itself mto metallic mercury and protoxide; 
probably, also, because there does not exist such a compound as Hg l, P. 
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The precipitate, winch probably consists of phosphide of mercury, nitrate 
of mercurous oxide, and water, ciackles violently when heated, and after 
ignition leaves a residue of phosphoiic acid. (H. Bose ) 


G. Nitrate op Mercuric Oxide with Phosphide of Mercury — 
Formed by passing phosphuretted hydrogen gas thiough a dilute solution 
of acid mercunc nitrate The first bubbles produce a yellowish precipitate, 
which, however, soon turns white The precipitate is collected on a filter, 
watehed with cold watei, and dried m vacuo. After diymg, it is yellow, 
but on exposure to the air takes up water, and becomes white again. 
Detonates violently when gently heated (a piece of the size of a pea 
making a noise like a pistol-shot), less violently by percussion, it likewise 
explodes in chlorine gas, probably on account of the heat developed. 
When chloime gas is passed through water m which the compound is 
diffused, it is decomposed, and dissolves quietly (H. Eose, Fogy, 40, 75 ) 

H Rose 
78 89 to 79 69. 
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H Nitrate op Mercuric Oxide with Sulphide op Mercury — 
Foimed by passing sulphuretted hydrogen, m less than equivalent 
quantity, through a solution of mercunc nitrate, washing with cold water 
(taking care not to wash too long), and diymg If the washing be too 
long continued, the precipitate acquires a yellowish colour, fiom incipient 
decomposition. The white piecipitate heated m a glass tube yields nitrous 
fumes, sulphuric acid, a large quantity of mercury, and a small quantity 
of mercuric sulphide When suspended in water thiough which sul¬ 
phuretted hydrogen gas is passed, it is completely resolved into sulphide 
of mercury and aqueous nitric acid In cold aqueous solution of caibonate 
of potash or soda, it gradually turns yellow, and afteiwards black, a 
boiling solution immediately turns it black Dissolves m hot aqua- 
regia* with decomposition, and formation of sulphuric acid. (H. Eose, 
Pogg 13, 6? ) 
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I. Nitrate of Mercuric Oxide with Iodide of Mercury.— 

1. Formed by mixing a boiling solution of mercuric nitrate with iodide 
of potassium, filtering, evapoiating, and cooling to the ciystalhzmg point. 
(Liebig. Schw. 49, 255 )—2. By adding excess of iodine to a solution of 
mercuric mil ate of sp gr. 1*35, and mixed with a sufficient quantity of 
free nitiic acid, to prevent turbidity on the addition of water On cooling, 
the liquid solidifies in a crystalline mass, having a pearly lustie (Pieuss )—. 

3. By dissolving protiodide of mercury m a solution "of mercunc nitrate, 
and leaving the compound to crystallize by cooling Pieuss, Ann FJtcmn. 
29, 326.)—4. By dissolving dmiodide of mercury (or pi otiodide, half the 
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iodine tlien escaping) m hot nitric acid, whereby nitric oxide is evolved, 
and leaving the solution to cool. (Souville, J Pharm 26, 474) 

3Hg 2 X t 4N0 5 = 3(HgI t Hg0,N0 3 ) + NO 2 

The crystals must be merely pressed between bibulous paper, as they 
would be decomposed by washing with water oi alcohol. 

White pearly scales and needles (Preuss, Souville ) Liebig obtained 
red scales [Peihaps they weie eolouied by admixture of free meicurie 
iodide ] The compound, heated m a glass tube, fuses, gives off nitrous 
fumes, a sublimate of mercunc iodide, and a residue of mercuric oxide 
Aqueous ammonia or potash sepaiates meicunc oxide fiom it, and forms 
a compound of iodide of meicury with iodide of ammonium or potassium 
(Pienss) Water decomposes it completely into meicuric iodide and 
soluble mercuric nitrate. If the water be acidulated with mtiic acid, so 
that no basic nitrate of mercuric oxide shall remain mixed with the iodide, 
100 parts of the compound will yield 64 parts of mercunc iodide, and a 
solution, which, when treated with sulphuretted liydiogen, gives 30 33 
pts sulphide of mercury [and therefore contains 28 24 mercuric oxide]. 
(Preuss ) The compound is likewise decomposed by alcohol, even of the 
strength of 40 Bin (Souville.) 


Calculation, according to Sounlle. Calculation, acecrd’ng to Preuss 

Hgl - HgO,X0 5 . 2HgI t 2HgO,NCK 

TT T ~ -k'S/? SO OT TT~T • 1 i i n 


Hgl ~ 226 

58 25 

2IIgI 4 5 2 02 00 

61 00 

HgO 10S 

27 83 

2HaO 216 29 92 

30*33 

NO 0 54 

13 92 

NO 0 54 7 48 


3SS 

ICO 00 

722 

100 00 

Preuss also supposes 

that the compoun 

d contains two atoms of water, but 


this is inadmissible, according to his own analyses 

K Mercurate op Ammonia. —Formed by digesting mercuric oxide 
with aqueous ammonia at a gentle heat. (Pioust) Mercuric oxnle pre¬ 
cipitated from solution of corrosive sublimate by potash, and then washed 
and dried may be used for this purpose; the ammonia may be left to act 
upon it for some days in the cold, or it may be heated to the boiling pomt. 
(Kane, Pogg . 42, 3S3; also Ann, Phai/n. 42, 3S3 ) 10S parts of the 
oxide increase m weight by 14 7 paits, in consequence of taking np the 
ammonia (Guibourt) 

Light yellow powder (Proust, Plantamour), yellowish white (Kane); 
acqunes a bxown-ied colour when heated. (Kane ) Detonates on red-hot 
coals, but less stiongly than fulminating gold (Pioust, Kane ) When 
carefully heated m a tube, it gives off a large quantity of ammonia, 
nitrogen gas, and water, subsequently oxygen gas and vapoui of mereni v. 
As long as the compound is not completely decomposed, the mass appears 
brown-red while hot, and becomes yellowish white again on cooling. 
(Kane ) When mercuric oxide is digested m ammonia, a small portion of 
mercury dissolves, the white mercurate of ammonia produced dissolves 
quickly in warm hydrocliloiic acul^ perfectly, also, m a huge quantity of 
warm aqueous caibouate of ammonia. (Wittstem, Repert. 57, 48 ) 


NH 3 

17 

4*74 

Kane 
4 10 

3Hg 

300 

83 57 

83 68 

30 

24 

6 68 

6 60 

2HO 

18 

5 01 

5 62 

NH 3 ,3HgO - 2Aq 

359 

100 00 

100 00 
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When dry ammoniacal gas is passed over yellow mercurate of 
ammonia at 150°, tlie latter is converted into a cmnamon-coloured powder, 
which, when heated upon platinum-foil, spreads itself over the platinum, 
gives off water and ammonia, and is transformed into red oxide of mercmy. 
Mixed with nitric acid, and evaporated to dryness, it g'ves off a small 
quantity of gas, and yields a white, insoluble powder, which comports 
itself like Kane’s compound Hg,NH 2 + 3Hg0,2N0 5 . (Tlantamour, 
A T . Bibl univeis 32, 330, also Ann Pkarm . 40, 120 ) 

IF According to Millon fiompt rend 21, 826], the compound formed 
by the action of ammonia on mercuric oxide is an oxy-amide of mercury, 
the composition of which may be expressed by the formula: 

3HgO,HgNH-\HO + 2A q. 

In vacuo over sulphuric acid, it loses 2 At. water, turns brown, and 
in that state undergoes no alteration by exposure to the air at ordinary 
temperatures; at a temperature between 100' and IdO 3 , it gives off a 
third atom of water The yellow hydrated compound absorbs carbonic 
acid from the air, and turns white The propeities of this compound are 
those of a strong base; it expels ammonia fiom its salts A dilute solu¬ 
tion of potash has no action upon it, indeed, it is decomposed only by 
very strong potash, and at a boding heat The dry biown compound is 
resolved by fusion with hydrate of potash into nitrogen, metallic mercury, 
and mercuric oxide [what becomes of the hydiogen?]. It combines m 
definite proportions with carbonic acid, nitric, sulphuric, and oxalic acid, 
forming salts whose composition may be thus represented : 


The anhydrous base 

The base dried over oil of vitriol 

The hydrated base 

Caibonate dried at 135° 

Hydrated caibonate 

Oxalate 

Sulphate 

Kit rate 

Bromate 

Chloride 

Iodide 


3HgO,HgNH 2 

„ „ +HO 

tHOt 2Aq. 
CO- 

+ CO- 4* Aq. 
+ C'O 3 
+ S0 3 

-r NO 5 + Aq 
t BrO 3 

2HgO,HgCl,HgNH- 
2HgO,HgI,HgNH- IF 


L Hyposulphite of Mercuric Oxide and Ammonia. — First 
obtained by KnchhofF. Finely divided mercuric oxide dissolves in warm, 
moderately concentrated solution of hyposulphite of ammonia, without 
causing an evolution of beat. Alcohol added to the solution separates 
the salt in colourless prisms, which decompose so easily that the mere act 
of collecting them causes a separation of cinnabar [and formation of sul¬ 
phuric acid 2]; when exposed to light, they quickly turn grey. Their 
aqueous solution deposits black sulphide of mercury on boiling, and gene¬ 
rally cinnabar, when left to stand quietly (Rammelsberg, Pogg 56, 318.) 


Crystallized Rammelsberg. 


4XH 3 

68 

14 47 . 

14 14 

HgO 

108 

22 98 

. 23 94 

5S-0 2 

240 

51 06 


6HO 

54 

11 49 


4(NH 4 0 J S-0-j + HgO^CP-i- 2Aq. 

470 

200 00 



M. Tnsulpkate of Mercurous Oxide with Mercurous Amide ? —Mono¬ 
sulphate of mercurous oxide, when treated with aqueous ammonia, is 
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converted into a dark grey powder, which appears to be . 3 Hg 2 0, SO 3 + 
Hg 2 XH 2 In this reaction, 992 parts (4 At) of mercurous sulphate yield 
at most 118 6 parts (nearly 3 At ) of sulphuric acid to the liquid, and tlie 
grey powder pioduced amounts to at least 823 7 parts (nearly 1 At). 

4(Hg-0,b0 3 ) t4NH 3 = ( Hg-,NH- -r 3Hg 2 0,SO 3 ) -r (3NH 3 ,S0 3 ) -r HO. 

The grey powder, when heated, gives off water, ammonia, sulphurous 
acid, oxygen gas, and mercury. The ammonia produced by this decom¬ 
position never exceeds 3 per cent. (Kane, Ann. Chim. Fkys . 72, 283 ) 


Calculation, according to Kane 


2Hg 

200 

22 73 

NH- 

16 

1 82 

3Hg-0 

624 

70 91 

SO 3 

40 

4 34 


880 

100 00 


X. Trisulphate op Mercuric Oxide with Mercuric Amide.— 
Ammoraacal Turpethum .—Fust obtained by Fourcroy, its tiue compo¬ 
sition was afterwards ascertained by Kane —1. Formed by treating 
monosulphate of mercuric oxide with aqueous ammonia Yellow trisul- 
phate of mercunc oxide is first produced, but tbe whole is gradually con¬ 
verted into a white powder, a boiling beat accelerates tbe process, but 
does not alter the product, on 2 parts (4 At.) of mercuric sulphate give 
up 119 8 parts (3 At ) of sulphune acid to the boiling ammonia, and 
yield 469 5 parts (nearly 1 At) of ammoniacal turpethum (Kane.) On 
slowly evapoiating tbe ammoniacal solution, or mixing it with water, a 
small quantity of this compouud is precipitated (Ullgien )—2 By 
digesting trisulphate of mercuric oxide with sulphate of ammonia, till the 
undissolved portion turns white. In this reaction, soluble sulphate of 
mercuric oxide and ammonia is produced at the same time. (Ullgren.) 

2(3HgO,S0 3 ) + 3(XH 3 ,S0 3 ) =(Hg,NH-1- 3HgO,SO s ) 2(NH 3 ,S0 3 t HgO,SO*) + HO. 

Heavy white powder (Kane); somewhat yellowish after drying (Ull- 
gren.) The compound turns brown when heated, gives off a large quantity 
of water and nitiogen, and a trace of ammonia, and leaves mercurous 
sulphate. [2 atoms of mercury must likewise be given off 
Hg,NH : + 3Hg0,S0 3 = Hg : 0,S0 3 + 2Hg + 2HO + N]. 

Hydrosulphunc acid gas passed through water in which the powder is 
suspended, produces sulphide of mercury and a perfectly neutral solution 
of sulphate of ammonia The sulphide of mercury amounts to 96’5S per 
cent, and the solution, when evaporated, yields 13 5 per cent of sulphate 
of ammonia, containing 3 48 ammonia, SIS sulphuric acid, and 1 84 
water. (Kane ) Water dissolves but a trace of the powder, but it is 
soluble m hydrochloric or nitnc acid. (Kane, Ann Chan Fhys. 72, 228.) 
When treated with hydrosulphate of potash, it gives off ammonia, but 
not hen treated with caustic potash. With nitric acid it forms a solu¬ 
tion containing ammonia, while nitrous fumes are given off ^Ullgren, 
Fogg. 42, 395.) 


4Hg 

400 

83 34 

Kane. 
S3 43 

NH* 

16 

3 33 

3 27 

30 

24 

5 00 


SO 3 

40 

8 33 

8*25 

Hg,NH- + 3Hg0,S0 3 . 

480 

100 00 
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Instead of amide of mercury, a compound not known in the separate 
state, we may suppose that this and seveial of the following compounds 
contain nitiide of mercury, a compound which can he obtained m the 
free state On this hypothesis, the foimula of the substance under con- 
si delation is Hg 3 N *+■ Hg0,S0 3 -r 2 Aq (Rammelsberg, Pog<j 15, 85.) 
[In the piecedmg compound M, supposing its composition to have been 
rightly determined, this transformation of the formula requires us to 
assume the existence of a nitride having the formula Hg'X ] 

O. Sulphate of Mercuric Oxide and Ammonia.— A neutral solu¬ 
tion of merciuic sulphate, concentiated as much as possible, gives a white 
precipitate with sulphate of ammonia. (Fouicrov, Ann Chun 14, 34 ) 
The solution of mercuric sulphate in oil of vitnol (not that of the nitrate 
or chloride m water) is likewise piecipitated white by sulphate of am¬ 
monia (Gm ) Meicurie oxide dissolves in cold aqueous sulphate of 
ammonia, and is not piecipitated from the solution by ammonia If 
meicuiGus oxide be used, the application of heat is necessary, and mercury 
separate* out (Wittstem, Re pat 57, 70 ) ®“ Hrrzel ( Zeitschr . r. Pharm 
1S~0 17) obtains this salt in large ciystals, belonging to the oblique 
prismatic system, bv dissoiv.ncr 1 At anhydrous mercuric sulphate m 
v aim sul] huric ac.d, digesting the liquid with a solution of 1 At sulphate 
of ammonia till the piecipitate first formed 1 e-chssolves, then adding 
boiling watei till a permanent tuibnhty is produced, and leaving the 
whole to cool slowly The crystals blacken when exposed to light. 
Hirzel is also of opinion that his crystals contained ammoniacal tur- 
pethum . but his analyses do not agiee well with each other IF 

P. Ammonio-diniodide or Mercury, or Iodo-mercurite of Ammonia 
—Dmiodide of meieury immersed m cold aqueous ammonia is converted 
into a black powder which gives off nearly all its ammonia m drying. 
On hoilmg with ammonia, a blackish powder is obtained mixed with a 
large number of globules of mercury, and a liquid fiorn winch iodide of 
mercury and ammonium sepaiates (Rammelsberg, Pogg 48, 184 ) 

Q. Ammqnio-protiodide of Mercury, or Iodo-mercurate of 
Ammonia — With 1 At Acid —100 pares of mercuric iodide ahsoih 7 01 
pts of ammonia The duty white compound gives off ammonia m the 
an m a few hours, receiving at the same time the red colour of mercuric 
iodide (H. Rose, Pogg 20, 161). 

H. Ro*e. 

KH* 17 7 00 b 55 

HM 22 j 93 00 93 45 

M-Kl-igl 243 100 00 100 00 

l. With 2 At Acid —1 Mercuric iodide immersed m strong ammonia 
turns white, and then dissolve*, leaving a red-brown powder (consisting 
of the following compound R). the solution evaporated in the air deposits 
needles of Q, 5, while hydriodate of ammonia remains m solution. Caillot 
& Cornel, J. Pharm . 9, 381, also Schw. 39, 379 —2 The same com¬ 
pound is formed when the ammonia is allowed to act till the iodide of 
mercury is converted into a white powder ^Rammelsberg, Pogg 48,170 ) 

3 It is also produced when the solution of mercuric iodide m aqueous 
sulphide of ammonium, potassium, or sodium is piecipitated by ammonia 
(Rammelsberg 
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By (1), small needles (Caillot & Corriol), by (2) and (3), white 
crystalline powder. The compound quickly gives off its ammonia when 
exposed to the air, leaving protiodide of mercury,—still more quickly 
when immersed m water or m dilute acids. (Caillot & Corriol, Ram- 
melsberg.) 

Crystallized. Rammelsberg. 


XH 3 

17 

3 62 

3 614 

2HgI 

452 

96*38 

95 540 

HO 



0 846 

]\H 3 ,2HgI 

469 

100 00 

100 000 


R Mercuric Amido-iodide, or Hydrated Mercuric Nitro-iodide. 
— Hg,XH 2 -r Hgl-f 2HgO, or Hg 3 X,Hgl + 2 Aq.— 1 . Iodide of mercury 
heated with a very large excess of strong ammonia, assumes at first a 
lighter red colour, beeonrng indeed almost white, but afterwards, even at 
6(T, quickly turns brown, and on boiling becomes dark-coloured, like 
mineral kermes The liquid filtered fiom it deposits needles of Q, b, and 
holds m solution hydriodate of ammonia, together with a small quantity of 
mercuric iodide: 

4HgI + 4NH 3 -r 2HO = 3(XH\HI) + (Hg,NH- -r Hgl + 2HgO). 

To obtain the brown compound puie, the ammonia must be decanted at a 
boiling heat, before it deposits crystals, and the lesidue must be heated 
from five to seven times to the boiling point with fresh ammonia, till the 
decanted liquid deposits no moie crystals on cooling, if this be not done, 
the brown compound will letam a portion of the white compound Q, b .— 
2. The compound is also formed bypassing ammomacal gas at a tempeia- 
lure of 18Ik over meicunc oxy-iodide 

HgUSHgO + XH 3 = (Hg/N'H 2 h Hgl + 2HgO) -r HO. 

S. Also when the yellow chlorine-compound, of exactly similar constitu¬ 
tion, obtained m washing white precipitate, is digested with 1 At. aqueous 
iodide of potassium. 

(Hg»NH- + HgCl + 2HgO) + KI = (Hg,NEP -r Hgl + 2HgO) T KCI. 

Brown powder, often inclining to purple-red. When heated to 128°, it 
gives off nothing but a little hygioscopie water. 


4Hg 

400 

71 69 

Rammelsberg. 
72 09 

X 

14 

2 51 

2*66 

2H 

2 

0 36 


I 

126 

22 58 


20 

16 

2 86 



558 

100 00 



When strongly heated m a retort, out of contact of air, it fuses into a 
dark brown liquid, afterwards detonates briskly with a blue light, and 
gives off mercury, iodide of mercury, ammonia, and nitrogen gas, leaving 
no residue. When heated with aqueous sulphide of barium, it gives off 
all its nitrogen in the form of ammonia, which amounts to 3*24 per cent. 
In warm aqueous iodide of potassium, it dissolves, with evolution of 
ammonia, forming a yellow-liquid, which contains free potash, besides 
iodide of mercury and potassium. 

* (Hg,NH 2 + Hgl + 2HgO) + 7KI + HO =4(KI,HgJ) + NH 3 + 3KO. 
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When lieated to 100 C in a current of hydrochloric acid gas, it becomes 
dotted with yellow stars, and emits white fumes. If the heat rises to the 
fusing and subliming point, a sublimate is formed, consisting of cliloro- 
mercuiate of ammonia, piotochloiide of mercury, sal-ammoniac, and 
hydriodate of ammonia Formation of water has not been distinctly 
observed. The compound dissolves with tolerable facility m warm 
hydrochloric ac d, forming a colourless liquid, which, if concentiated, 
deposits on cooling, led crystals of mercuric iodide, and likewise yellow 
crystals of metciinc chlonodide Boiling solution of potasb exerts no 
decomposing action upon it, and therefore does not liberate ammonia from 
it. (Rammelsberg, Pogg. 48, 173) 

S Iodide of Mercury and Ammonium —The aqueous solution of 
144 pts (1 At.) of hydriodate of ammonia dissolves, with the aid of heat, 
6S3 pts. (3 At 3 X 226 = 678) of mercuric iodide Part of tbe latter 
separates again on cooling, and the remaining liquid afterwaids yields 
crystals of the bi-acid salt These crystals are permanent m the air. In 
vacuo, they give off 3 8 per cent of watei, and acqune an orange-yellow 
colour. At a gentle heat they fuse into a liquid which gives off, with 
ebullition, about 3 per cent of water, becoming more tenacous, and 
acquiring a dark red colour, and on cooling, solidifies in anhydious crys¬ 
tals, which, after a while, assume the red colour of mercuric iodide At 
a strongei heat, part of the salt sublimes undecomposed, the rest is 
resolved into mercury, mercuric iodide, and other products. Water sepa¬ 
rates fiom the crystals 40 per cent, of mercuric iodide, so that the 
remaining solution no longer contains quite 1 At iodide of mercury to 
1 At. hydriodate of ammonia This solution, when evaporated and 
cooled, again yields crystals of the bi-acid salt, so that an excess of 
hydriodate of ammonia remains m the liquid. (P. Buullay, Ann. Chim. 
Phgs. 34, 345.) 


Anhydrous Crystallized . 


NH S ,HI 

2HgI 

144 

452 

24 16 

75 84 

2HgI 

2110 

144 

452 

IS 

23 45 

73 b2 

2 93 

24 3 
71 9 
3*8 

NH 3 ,HI -r 2HgI 

596 

100*00 

— 2Aq 

614 

100 00 

100*0 


T. Ammoxio-bromide of Mercury, or Bromo-Mercurate of Am¬ 
monia. —Cold protobromide of mercury does not absorb ammoniacal gas 
at ordinary temperatures; but when fused at a gentle heat m that gas, and 
then cooled. It absorbs 3 41 per cent., or less than ^ At. ammonia It is 
certain, however, that the quantity of ammonia found by expenment was 
too small, because some of the mercuric bromide must ha\ e evaporated. 
(H. Hose, Pogg 20, 160 ) Water extracts hydriodate of ammonia from 
the compound, and leaves a yellow powder, which gives off ammonia 
when treated with sulphide of potassium, but not with caustic potash. 
(Rammelsberg, Pogg 55, 248.) 

U. Amido-bromide of Mercury —Ammonia added to an aqueous 
solution of mercuric bromide, throws down a white powder, insoluble in 
water and alcohol, slightly soluble in ammonia. When heated, it is 
resohed into nitrogen gas, ammoniacal gas vapour of water, and a sub¬ 
limate of mercurous bromide. (Lowig) When very slowly heated, it 
gives off a large quantity of ammoniacal gas without free nitrogen, 
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afterwards a sublimate of XH 3 , 2 HgBr, and leaves a residue of 
Hg*N, 2 HgBr: 

6(Hg,NH 2 -r HgBr) = 3NH 3 + NH 3 ,2HgBr + 2(Hg 3 N,2HgBr). 
(Mitscherlich, J, pr. Chem 19, 455 ) 

V Bromide op Mercury and Ammonium. — Mercuric bromide 
dissolves abundantly m aqueous bydrobromate of ammonia , alkaline 
carbonates added to the solution, precipitate the compound II (Lowig) 

IV Bromate of Mercurous Oxide with Ammonia ?—Recently precipi¬ 
tated biornate of mercurous oxide yields, with excess of ammonia, a black 
substance and a liquid—The black substance retains its colour when 
washed and dried m the an, it contains from 74 76 to 75 02 per cent of 
mercuicus oxide and a small quantity of metallic mercury With potash, 
it gnes off only pait of its ammonia, with sulphide of potassium, the 
whole, amounting to between 1 86 and 2 22 per cent It dissolves m 
hydiocklonc acid with violent evolution of bromine and chlorine, and 
forms a yellow solution, hot nitric acid converts it mto a white insoluble 
compound, which appears to be nitrate of mercuric oxide and ammonia, 
—The anmiomaeal liquid, when left to stand, deposits mercury and 
bromate of mercuric oxide and ammonia, when evaporated at a gentle 
heat it yields crystal* of hi ornate of ammonia, while the mother-liquid 
contains mercury. (Rammelsbeig ) 

X. Mercuric Bromate with Mercuric Amide, or Hydrated 
Bromate of Mercuric Oxide with Xitride of Mercury— HgXH 2 + 
3 HgO, BiO, or Hg 3 N 4 -HgO, BiO 5 4- 2 Aq— When aqueous mercuiic 
bromate is slightly supei sat mated with ammonia, this compound is pro¬ 
duced m the foim of a precipitate, which slowly settles down The 
filtrate contains bromate ol ammonia —The compound, when heated m a 
glass tube, detonates violently, even in small quantity, breaking the 
tube, and scattering metallic mercury about. W hen boiled with aqueous 
sulphide or iodide of potassium, it gives off 3 335 per cent, of ammonia, 
but with caustic potash only a trace (Rammelsberg, Pogg. 55, 82 ) 

Rammelsberg. 


4Hg 

400 0 

71 63 

71 52 

N 

14 0 

2 51 

2 75 

2H 

2 0 

0 36 


30 

24 0 

4 30 


B 1 O 5 

118 4 

21 20 



55S 4 100 00 


Y Ammonio-dichloride of Mercury, or Chloro-mercurite of 
Ammonia. —Sublimed calomel absorbs a very small quantity of ammonia, 
and turns quite black Calomel, prepared m the humid way, absorbs 
7 38 per cent., and forms a black powder, which, on exposure to the air 
or when gently heated, gives off all its ammonia and turns white again; 
and on the application of a stronger heat, sublimes as pure calomel. 
(H. Bose, Pogg 20 , 158 ) 

H. Rose. 

NH 3 17-0 6*74 6*87 

Hg-Tn . 235 4 .. 93 26 93*13 

100*00 

G 2 


NH^Hg^Cl 


252*4 . 100 OO 
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Z. Mercurous Amidq-chloride —Calomel treated with aqueous 
ammonia, is converted into a powder, winch is black while moist and 
dark grey when dry. Half the chlorine of the calomel is found in the 
ammoniacal liquid. (Kane.) 

Kane. 

4Hg . . . 400 0 88 61 88 33 

KR 2 16*0 3 55 3 36 

Cl 35*4 7 84 7 95 

~Hg-,NH 2 + Hg-CL 451*4 100 00 99 64 

Heated in a glass tube, it first gives off a trace of water, together with a 
large quantity of nitrogen and ammoniacal gas, and afterwards a subli¬ 
mate of calomel and mercury, exhibiting at the same time a glimmering 
light. Probably thus 

3fHg-,NH 2 + Hg 2 Cl) = 6Hg -f- 3Hg : Cl + 2NH 3 + N. 

It undergoes no alteration when heated in the air to 82°, or by continued 
boiling with water or ammonia —When boiled with aqueous iodide of 
potassium, it gives off all its nitrogen m the foim of ammonia, with 
caustic potash, it evolves only a part. (Kane, Phil Jfag J. 11, 504, also 
Pogg 42, 330, also Ann Phai m. 18, 298 )—When hydrochloric acid 
gas is passed over the powder previously dried m the air at 100°, it is 
converted, without forming even a trace of aqueous hydrochloric acid 
(which proves the absence of oxygen) into a white mixture of mercurous 
chloride and sal-ammoniac (Ullgren, Pogg 42, 392) * 

Hg 2 NH 2 + HgpCl + 2HC1 = 2Hg 2 CUKH 3 ,HCl. 

According to this, 451 4 pts. (1 At.) of the compound should yield 524*2 
pts. of the white mixture, Ullgren obtained 523 8 pts, a quantity which 
is perfectly in accordance with Kane’s formula, and proves that the com¬ 
pound contains not ammonia, but amidogen 

A A. Ammonio-protochloride of Mercury, or Chlqro-mercurate 
of Ammonia —1. Formed by exposing heated corrosive sublimate to a 
current of ammoniacal gas At ordinary temperatures, the compound is 
very slowly absorbed, the quantity amounting to only 5 75 per cent in 
two days, but if fused at a gentle beat and then cooled, the sublimate 
immediately takes up 6 8 per cent (H Rose ) Grouvelle had previously 
found that 2 atoms of corrosive sublimate take up 1 atom of ammonia.— 
2 By distilling mercuric oxide with sal-ammoniac. (Mitscherlich ) 

The compound resembles corrosive sublimate, fuses when heated, sub¬ 
limes in drops like that substance, and without much loss of ammonia. 
It does not dissolve in water, but turns yellowish when boiled with that 
liquid for a considerable time, solution of potash likewise colours it 
pale-yellow. (H Rose, Pogg 20, 158.)—With water it is resolved into 
alembroth-salt, which dissolves, and infusible white precipitate, which 
remains undissolved. (Kane.) 

2(NH 3 ,2HgCl) = (Hg,NH 2 + HgCl) + (2HgCl + NXRC1) 

According to Grouvelle {Schw 33, 433), it dissolves partially in water, 
with separation of mercurate of ammonia [?], a further quantity of which 
may be precipitated from the solution by potash. 

H Rose. 

NH S .17 0 5 91 6 37 

2HgCl 270 8 94 09 93 63 


KH 3 ,2HgCl 


287 S 


100 00 


100 oo 
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May likewise be regarded as HgAd,HCl-f HgCI (Kane),—or, taken 
twice, as HgNH 2 -f 3HgCl+XH 4 C1,—or, taken three times, as Hg s N, 
H Cl + 3 HgCI -f* 2 (X H 4 C1). 

BB Mercuric Amido-chlorxde —Formerly regarded, according to 
HenneTs formula, as a compound of 2 At mercuric oxide with 1 At sal- 
ammoniac, till Kane showed that 2 At oxygen and 2 At hydrogen must 
be deducted therefrom — It was, moieover, confounded with the following 
compound, under the name of White Precipitate , Mercurius prcecipitatus 
alhus , till Wohler (Ann Phanii 26, 203) and Kane pointed out the 
difference between the two varieties The compound immediately under 
consideration may be distinguished by the name of Infusible White 
Piecvpitate.\ The white precipitate of the Baden pharmacopoeia belongs 
to this head 

Infusible white precipitate is formed, by precipitating corrosive sub¬ 
limate with a slight excess of ammonia, washing the precipitate with a 
small quantity of cold water, pressing between paper, and drying at a 
gentle heat (Kane) 

2HgCl t 2NH 3 = HgCI,HgNH 2 + NH 4 CL 

272 pts. (2 At) dissolved coirosive sublimate, precipitated by aqueous 
ammonia, containing 34 pts. (2 At ) of ammonia, yield a neutral filtrate, 
vhich leaves 1 At sal-ammoniac on evaporation (Hennel, Qu J of Sc. 
18, 297 ) 270*8 pts (2 At) coirosive sublimate yield 252 2 pts. 

(1 At = 251 4) of white precipitate, and the filtrate contains 35*2 pts. 
(3 At) of chlorine (Kane) 270 8 pts. of conosive sublimate yield 
254 6 pts of white precipitate dried at a gentle heat (Geiselei, AT Br . 
Aich. 21, 147.) The flocculent precipitate must not be washed too long, 
more particularly with hot water, as it then turns yellowish from admix¬ 
ture of the compound DD (p. 88.) (Kane ) White precipitate is likewise 
obtained on precipitating corrosive sublimate with carbonate of ammonia. 
(Dufios.) According to Wmekler, it is also formed by agitating mercuric 
oxychloride with strong ammonia. [Might not mercurate of ammonia be 
mixed with the product thus obtained2] 

White and tolerably light powder, the taste of which is earthy at first, 


but afterwards metallic. (Fourcroy.) 
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Soubeiran ( J . Phcmn 12, 243, also AT Tr. 13, 2, 161), obtained 82 per 
cent meicury and only 7 9 per cent, chlorine, probably from washing too 
long, whereby a considerable quantity of the yellow compound DD would 
be formed; 

Hg.NH 2 -*-HgCI (Kane), or HgSN + HgCI -f NH 4 CI (Rammelsberg). 

The simplest view of its composition is to regard it as chloride of 
ammonium in which 2 atoms of hydrogen are replaced by mercury: 

n (^- ki. f 
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Decompositions . At a temperature below redness, it is resolved, with¬ 
out fusion (but with production of a yellowish colour), into a sublimate of 
calomel, amounting to 93 per cent., and a mixture of 1 volume of nitrogen 
and 2 volumes of ammoniacal gas (Kane)' 

3(HgNH- + HgCl) = 3Hg-Cl + N + 2NH 3 . 

The calomel is usually blackened by the ammonia If the heat applied 
is very gentle, ammonia is first evolved, without a trace of nitrogen; 
afterwards chloromercurate of ammonia sublimes (distinguishable from 
the calomel by its fusibility befoie evaporation), and chloromtride of 
mercury EE (p. 89) remains in the retoit in the form of a red 
substance : 

6(HgNH~ -r HgCl) = 3NH 3 t NH 3 ,2HgCl t 2(Hg 3 X,2HgCl). 

(E. Mitscherlich, J. pr. Chem . 19, 454.) Heated with aqueous sulphide 
of barium, or iodide of potassium / it gives off all its nitrogen m the form 
of ammonia, and leaves sulphide or iodide of mercury. (Kane ) A boiling 
saturated solution of cbloude of potassium or sodium, likewise separates 
ammonia fiom the compound, and dissolves corrosive sublimate. (Ram- 
melsbeig Pogq . 4S, 182.) With potash or lime, it turns yellowish, gives 
off only half the quantity of ammonia that it is capable of yielding, and 
produces the yellow powder DD, but of a somewhat paler colour than that 
obtained by other methods (Kane ) Ammonia has no action upon it. 
(Kane.) Does not dissolve m water, but turns yellowish when immersed 
in it. By boiling water it is completely converted, m a few minutes, mto 
the lemon-yellow powder DD, while sal-ammoniac dissolves in the water : 

2(Hg,NEP + HgCl) t 2HO = (HgK H- + HgCl + 2HgO) + NH 4 C1. 

502*8 pts. (2 At ) of white precipitate yield by boiling with water 450*5 
pts. (nearly 1 At ) of the yellow powder, anti the water is found to have 
dissolved 51*5 pts. (nearly 1 At) of sal-ammoniac. (Kane, Phil. Mag. J. 
8, 495; 11, 428, also Pogg 42, 367 also Ann Pharm . 1&, 135 and 288; 
also J”. pr. Chem 8, 219) When dry hydrochloric acid gas is passed 
over the compound previously dried at 100', m the air or at the ordinary 
temperature m vacuo, and the temperature is raised fiist to 100 J , then 
somewhat higher, the whole is converted, without evolution of water, into 
a fused transparent mixture of mercuric chloride and sal-ammoniac: 

(HgNH- -r HgCl) t 2HC1 = 2HgCl + NH 4 C1. 

In this reaction, nothing sublimes but a small quantity of corrosive sub¬ 
limate and sal-ammoniac, not a trace of aqueous hydrochloric acid* 
251 4 pts. (1 At) of white precipitate yield from 320 6 to 323 5 of 
this fused mixture; according to calculation, the quantity should he 
2 . 135*4 -f- 53 4 = 324 2. This result confirms Kane’s analysis. (Ullgren, 
Pogg. 42, 385; also Ann. Phaim. 26, 203.) The compound boiled with 
excess of aqueous protochloride of copper, yields Brunswick green 
( V., 441), and a solution of alembroth-salt: 

3(HgNH* + HgCl) 4- 8CuCl-f 6HO = 2(CuCl,3CuO) + 3(2HgCl,NH 4 Cl). 

(Kane, Ann. Chun. Phys. 72, 382 ) White precipitate dissolves easily 
in hydrochloric acid, forming a solution of meicurie chloride and sal- 
ammoniac, and in sulphuric or nitric acid, forming mercuric chloride and 
sulphate or nitrate of mercuric oxide and ammonia. (Fourcroy.) It is 
easily soluble m aqueous hydrocyanic acid (Hennel) Also" in warm 
aqueous hydrochlorate or nitrate of ammonia. (Brett.) 
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CC Mercuric Amido-chloride with Sal-ammoniac — Fusible 
White Precipitate —The white precipitate, or Afeicunus prcecipitatus 
albus i of the Pi ussian, Hanoverian, London, and seveial other pharma¬ 
copoeias — 1. Funned by dropping a solution of corrosive sublimate into a 
boding aqueous mixtuie of sal-ammoniac and ammonia, as long as the pre¬ 
cipitate redissolves, and leaving the solution to cool to the crystallizing 
point. The pioduct is sometimes contaminated with a small quantity of 
the infusible white precipitate EB. (E Mitscherlieiq J. pr. Qhem . 19, 
453.)—2. The same compound is precipitated on adding carbonate of 
potash or soda, not in too great excess, to a cold aqueous solution of equal 
parts of corrosive sublimate and sal-ammoniac. This is the mode of pre¬ 
paration recommended m the pharmacopoeias 135*4 pts. (1 At) of 
conosive sublimate dissolved m water, together with an equal quantity 
of sal-anunoniac, required foi complete precipitation 260 pts. (nearly 
2 At. = 286 4) of crystallized carbonate of soda, and yield 140 8 pts. of 
well dried white precipitate, the liquid letaining 2 03 puits of mercury m 
solution. (Gaseler.; [According to Kane’s analysis, 135 4 pts of cor¬ 
rosive sublimate should yield 152*4 pts. of white precipitate, if no mer¬ 
cury remained m solution ] If 960 instead of 260 parts of crystallized 
carbonate of soda be used for the piecipitation, the pi capitate is of a less 
pure white, and, when washed on the filter, becomes yellow on the surface, 
hut recover* its whiteness w’hen washed with waiter containing sal- 
ammomac. The yellow colour is more quickly produced when the car¬ 
bonate of soda is added m exces* and the liquid" is hot (Geiseler, N. Bi . 
Arch 21, 147 ) The same substance is obtained by piecipitatmg the 
solution of sal-ammoniac and conosive sublimate with carbonate of 
ammonia (Dufios )—3. This compound is likewise foimed on boiling the 
infusible white precipitate BB with sal ammoniac (Kane.) Red mercuric 
oxide has no action on a cold solution of sal-ammoniac, m a hot solution, 
it acquires a pale yellow colour, if 29 5 pts of sal-ammoniac are present 
for eveiy 108 pts. of oxide, if 59 pts. of sal-ammoniac are present for 
every 108 of the oxide, the lattei is converted into white precipitate. 
(Geiger, May. Phann 11, 153) When the sal-ammoniac is in excess, 
fusible white precipitate is produced. (Gm.) 

When prepared by (3) it forms small rhombohedrons (Mitscherlich); 
(2). a white powder. 

When heated, it fuse* (forming a clear, yellowish liquid, according to 
Wohler), giving off mtiogen and ammonia, and then sublimes, partly in 
the form of a transparent, gummy mass, paiily as a white, opaque mass, 
which, when treated with watei, yields a solution of sal ammoniac and 
corro*i\ e sublimate, and a residue oi calomel If the pieeipitate has been 
previously well dried, it does not yield a trace of watei when thus treated 
(Kane, Ann Chun Phys 72, *.80 ) The precipitate undergoes no altera¬ 
tion at 135 c , at 180% it yields ammonia and a white sublimate, and at 
300% fuses into a thin, yellowish liquid. (Dufios, F. Br. Arck m 23, 311,) 
If the application of heat be stopped as soon as the evolution of ammonia 
ceases, the liquid, wdiich has already acquired a dark colour, solidifies in 
a red-browm, fibrous mass (Krug & Table, N, Br Arch 27, 40 ) Boiling 
water converts fusible white precipitate into the yellow powder DD, the 
same that is formed by similar means from infusible white precipitate; in 
the former case, however, the water takes up a much larger quantity of 
sal-ammoniac. (Kane.) The precipitate is dissolved by acids, even by 
stroii" acetic acid. 
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Calculation A, founded on Kane’s analysis, gives either the formula. 
NH 3 ,HgCl, or Hg,NH s + HgCl + NH 4 Cl, or Hg*N f HgCl + 3(NH 4 Cl) 
From the resemblance between the leactions of this compound and that 
of the infusible white precipitate, it is probable that one of the last 
two formulae is the true expression of its composition —IT The simpler 

formula, which denotes that the compound may be regarded 

as sal-ammoniac, in which 1 atom of hydrogen is replaced by mercury, 
brings into still stronger light the analogy between this compound and 
the infusible white precipitate BB, which, as already observed (p. 85), 

maybe expressed by the formula ^Cl. IT-—There must either be a 


third kind of white precipitate corresponding to the analyses of Buflos 
and Riegel, or there must be some mistake in these analyses 


BB. Mercuric Amid-oxyciiloride —Hg,NH 2 + HgCl 4- 2HgO.— 
Formed by boiling either the infusible or tbe fusible white precipitate 
with water. 541 6 pts (4 At ) corrosive sublimate, precipitated by 
ammonia, and boiled till the precipitate is completely converted into the 
light yellow powder, yield 454 pts (nearly 1 At ) of yellow powder, the 
liquid contains 102 3 pts (nearly 3 At ) of chlorine, together with a 
trace of mercury Another mode of preparation consists in boiling white 
precipitate with caustic potash (Kane )—The same compound is likewise 
produced when dry ammoniacal gas is passed at a temperature of 150° 
over, HgCl,3HgO previously dried at 100° (Ullgren ) 

Light yellow, heavy powder, granular after rapid drying. That 
which is obtained by boiling with potash is of a paler yellow colour, and 
detonates somewhat more strongly when suddenly heated (Kane ) 


4Hg 

" 400 0 

85 58 

Kane 
86 23 

N 

14 0 

2 99 ) 

3 60 

2H 

2 0 

0 43 J 

Cl 

35 4 

7 58 

7*77 

20 

16 0 

3 42 



467 4 

100*00 



Hg,NH 2 + HgCl -f 2HgO —May likewise be regarded as Hg 3 N -f HgCI-f 
2HO (Bammelsberg),—or as NHg 4 Cl-f 2HO, analogous to chloride of 
ammonium [WJ. 

When gradually heated, it gives off ammonia, nitrogen gas, and 
water, and subsequently a sublimed mixture of calomel and mercury, 
amounting to 94 01 per cent No mercuric oxide remains behind. 
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(Kane }—With aqueous sulphide of potassium, it evolves ammoniacal 
gas. and forms sulphide of mercury —Heated with aqueous iodide of 
potassium, it turns brown and gives off ammonia (Kane ) The brown 
substance formed m this reaction, is the iodine-compound corresponding 
to the yellow powder (p 81), and the evolution of ammonia is merely a 
secondary effect produced by the action of the excess of iodide of potas¬ 
sium upon the brown compound. A saturated solution of chloride of 
potassium or sodium, boiled with the yellow powder, also liberates 
ammonia and takes up mercuiy (Rammelsbeig, Fogg . 48, 181.)—Con¬ 
centrated nitric acid which has been completely freed by heat fiom 
hyponitnc acid, and therefoie gives off no nitrous fumes when heated 
with mtiate of ammonia oi with corrosive sublimate, produces these 
fumes again on being heated with the yellow powder. (Ullgien, Fogg . 
42^ 3S5 )—Boiling potash-let’ gives off no ammonia, exerts no decom¬ 
posing- action, and produces hut a slight alteration of colour (Kane, 
Ullgren )—The yellow powder dissolves but slightly m water, but easily 
in hydiochloiic or nitric acid (Kane, Fogg. 42, 367.) 

EE Xitrochloride of Mercury —Remains behind when infusible 
white precipitate ia very carefully heated in a retort immersed in a bath 
of fusible metal, till all the ammonia is driven off, and the whole of the 
chloro-mercnrate of ammonia is sublimed, and a small quantityof calomel 
begins to sublime. (Comp. pp. 84, So ) 

Small, red ciystalbue scales, resembling mercuric oxide. 

When heated to a tempeiatuie above the boiling point of mercury, it 
is resolved into nitiogen gas and a sublimate of calomel and meicury 
HAN 2HgCl = N T Hg j- 2Hg-Cl. 

Dissolves m boiling hydrochloric acid without evolution of gas, forming 
sal-ammoniac and corrosive sublimate 

Hg 3 N,2HgCl + 4HCl = oHgCl + NH 4 C1. 

Boiling oil of v itriol exerts a similar action —The compound is not dis¬ 
solved or decomposed by boiling even with strong nitric acid, or with 
dilute sulphuric acid, or with alkalis, or with water. (E Mitscherlich, 
J . pr . Chem . 19, 453.) 

Calculation , according to Mitseherhcti. 
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FF Protochloride of Mercury and Ammonium — a. With excess 
of sal-ammoniac —Salt of ITisdom. Sal Alembiotk of the alchemists — 
Usually prepared by dissolving equal parts of corrosive sublimate and 
sal-ammoniac m water, and evaporating the solution This proportion 
gives neatly 3 At sal-ammoniac to 1 At corrosive sublimate.—A solution 
of corrosive sublimate and sal-ammomac is likewise formed, with evolution 
of ammonia, on boiling a solution of sal-ammoniac with mercuric or mer¬ 
curous oxide, metallic mercury being separated m the latter case; also 
on boiling the sal-ammoniac solution with mercuric or meicuious car¬ 
bonate, the action being then attended with evolution of carbonate of 
ammonia (Witistein, IZepert . 57, 70 ) 

135 4 pts (1 At ) corrosive sublimate dissolve, at 15 6°, in 13d pts, of 
satuiated solution of sal-ammoniac. [This solution, according to Karsten 
(II. 4?), contains about 37 pts. of sal-ammomac, so that the proportion 
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just mentioned gives about 3 At corrosive sublimate to 2 At sal- 
ammoniac] The sal-ammoniac solution thus saturated with corrosive 
sublimate, still dissolves somewhat moie than 37 paits of sal-ammoniac 
[thereby giving the proportion of 3 At corrosive sublimate to 4 At sal- 
ammoniac]. (J Davy, Phil Twins. 1822, 362 ) 

The solution of equal parts coriosive sublimate and sal-ammoniac m 
water, yields white piecipitate when tieated with caustic oi carbonated 
alkalis Spring w ater containing carbonate of lime, produces the same pre¬ 
cipitate, slowly m the cold, immediately on the application of heat Sugar 
tin ows down calomel from the solution, not m the cold, but at 87° 
(Schindler, Mag Phaun 29, 265, Pieptrt 36, 238, comp. Wmckler, 
Pepe?t 33, 196, 38, 255 ) 

b Mono acid —NH 4 C1, HgCl.—1 The solution of equal parts of 
corrosive sublimate and sal-ammoniac yields, on evaporation and cooling, 
first, crystals of sal-ammoniac, afterwaids, when the mother-liquid is 
further evaporated and cooled, an additional quantity of sal-ammoniac, 
together with crystals of the double chlonde, which mubt be separated 
mechanically and puiified by reciystallization (Soubeiran )—2 This com¬ 
pound is also formed when 1 At (53 4 pts ) sal ammoniac and 1 At. 
(135 4 pts ) coriosive subbmate are discolved m a small quantity of 
boiling water—the solution left to cool—the mother liquid pouied off 
from the crystals, wdnch contain excess of conosive sublimate—and evapo¬ 
rated m the liot-an chamber to the crystallizing point, the remaining 
mother-liquid, when evapoiated either m the air oi in vacuo, yields 
remaikably fine ciystals. (Soubeiran, J. Plica m 12, 184 and 231, also 
N. Tr 13, 1, 201.) 

Tianspaient, colourless, elongated rhombic prisms, sometimes with 
tbe terminal edges, sometimes with the obtuse summits peipendicularly 
truncated They are permanent rn the air, but become opaque at 40 J , 
and gives off' 5 5 per cent of water at 100°—When heated to partial 
sublimation, they aie resolved into a sublimate richer m ammonia, and a 
residue richer m meicurv. 

The salt dissolves m 0 66 pt water at 10 c anclm nearly all pioportions 
of boiling water. The boiling solution gives off a vapour having a 
metallic taste With a small quantityof sulpliuietted hydrogen, it yields 
a w'hite, with a larger quantity, a black piecipitate With potash or 
soda, it gives off ammonia and yields a precipitate, but is not thiown 
clown by ammonia [It gives a white precipitate with ammonia Gra ] 
It is not affected by sulphuric, bydroclilonc, or nitric acid. (Soubeiran ) 
—A solution of 135 4 pts (1 At) corrosive sublimate, and 53 7 pts. 
(1 At) sal-ammoniac, in 48 pts. (5t At) water, is liquid at about 41°, 
and when slowly cooled, deposits flattened four-sided prisms, if the 
quantity of water amounts to 144 pts (16 At.), the solution has a specific 


gravity of 1*58, and 

remains 

liquid at 13°. 

(J. Davy ) 
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c. Bi-acid .—1. Formed by subliming a mixture of 53 4 parts of sal- 
ammoniac and 2? 0 8 parts of corrosive sublimate (J. Da vy)—2 By 
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dissolving tlie same mixture in water, and leaving the solution to 
crystallize The crystals obtained are sometimes anhydious, sometimes 
hydrated (Kane) The anhydious salt separates m rhombohedions. 
(Kane ) It is easily fusible, and, on cooling, solidifies m a greyish white 
mass having afamt pearly lustre The tempeiature at which it volatilizes 
is much higher than the subliming point of corrosive sublimate or sal- 
ammoniac alone; and its sublimation is attended with partial decom¬ 
position, so that the sublimed mass contains traces of calomel and 
hydrochloric acid (J Davy ) 

The hydrate 1 crystals aie long silky needles (Kane'' They have 
the same form as the conesponding potassium-salt (p 101). (Mitscherlich, 
J pr Che ax . 19, 453 ) A solution of 1 At of the anhydious compound 
in 8 At water is liquid at 6.)°, and solidifies m needles on cooling, a 
solution containing 16 At water, forms at 29' a liquid of specific gravity 
1*98 and solidifies at 13 5 (J Davy, Phil Tians. 1822, 362.) 


Anhydrous. Hydrated 


NH 4 C1 
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GG Basic Hydroflu ate of Mercuric Oxide and Ammonia.— 
When aqueous ammonia is pouied upon protofluoride of meicury, a white 
basic double salt i& formed (Berzelius ) 


HH Nitrate of Mercurous Oxide and Ammonia —a Basic — 
Hahnemann s soluble Qmchsilve ), J/e? cm ius Sobbdis Hahnemanni —To 
form this compound, a very dilute solution of mercurous mtiate, which 
must be as free as pos&ible fiom excess of mtiie acid, and from mercuric 
nitrate, is precipitated m the cold by veiv dilute aqueous or alcoholic 
ammonia, added gradually and m less than equivalent quantity, the liquid 
being well stirred all the time, the precipitate is then quickly thrown upon 
a filter, washed with cold water, pressed between paper, and dried m the 
shade at oidmaxy tempeiatures Even the first small quantities of ammonia 
do not throw down pure mercurous oxide, but a compound containing 
as much nitrate of ammonia as the portions subsequently precipitated. 
(C G. Mitseberlich ) According to Soubeiran, the first precipitate con¬ 
tains nothing but meicurous oxide, with a small quantity of nitric acid, 
but no ammonia. According to Pagenstecher, the veiy first piecipitate 
produced by an exceedingly miall quantity of amnion’a is lighter than 
that which is afterwards fomied on the addition of more ammonia, 
Mifcscherheh never observed this diffeience; a very small quantity of 
ammonia colours the solution dark brow n Wben the mercurous solution is 
supersaturated with ammonia, the filtiate contains basic nitrate of meicurie 
oxide and ammonia," which separates out m crystals as the ammonia 
evaporates (Pagenstecher) 

If the merem ous solution likewise contains mercuric oxide, basic nitrate 
of mercuric oxide and ammonia is precipitated at the same time, and 
causes the precipitate to exhibit a paler grey colour. If excess of nitric 
acid is present, a larger quantity of nitiate of ammonia is formed, which, 
when it acts m excess, decomposes part of the mercurous oxide in the pre- 

* The compound designated m this and se\eral other places by tbe old name of 
basic nitrate of mercuric oaide and ammonia , is probably HgNH- + 2Hg0,N0 5 . 
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cipitate into mercuric oxide and metallic mercury, m consequence of its 
greater affinity for mercuiic than foi mercuious oxide; so that the pre¬ 
cipitate becomes mixed with mercuiy and basic nitrate of mercuiic oxide 
and ammonia For the same reason, it is necessary to filter immediately 
after precipitation. (C. G. Mitsclieilich ) 

If the ammonia acts m excess on particular parts of the solution, it 
decomposes the precipitate there produced—with gieater facility m pro¬ 
portion as it is moie concentiated—into metallic mercuiy and basic nitrate 
of mercuric oxide and ammonia, which dissolves in the excess of ammonia, 
but is afterwards piecipitated as it mixes with the rest of the liquid. 
(C G Mitscheilich ) It is theiefore necessary to use very dilute 
ammonia, pour it m by a tube drawn out to a fine point, and stir the 
liquid constantly. Pagenstecher and Plemehl likewise consider it disad¬ 
vantageous to pour the ammonia on the suiface of the liquid [probably 
because, being specifically lighter, it then mixes less easily with the other 
pomon] , they theiefore recommend pouring it m thiough a long-necked 
funnel, the beak of winch may likewise be u&ed as a stirrer. 

If the quantity of ammonia added be such as nearly to saturate the 
mtiic acid, the piecipitate, which is at first nearly black, giadually 
aequhes a lighter grey colour, partly because the mercuious solution is 
frequently mixed with meicunc oxide, and consequently a basic nitrate of 
mercuiic oxide and ammonia is deposited as the acid becomes further 
satuiatecl, partly because the same salt is produced by the action of excess 
of ammonia m particular parts of the liquid, and bung at fiist dissolved 
by the moie acid liquid, is afterwaids precipitated on the addition of a 
larger quantity of ammonia According to C G. Mitselierlieh, the decom¬ 
position into meicunc OMde and metallic mercury takes place long before 
the liquid acquires an alkaline reaction, hence it is necessaiy to leave 
a con si dei able quantity of the meicurous solution undecomposed To 
avoid exceeding the proper quantity of ammonia, a decanted or filtered 
sample must be ticated with fiesh ammonia, to ascertain whether it still 
gives a black piecipTate, or the quantity of ammonia must be determined 
before-hand, accoi dung to the quantity of meicurous mtiate,as recommended 
by Pagenstecher, Pleiselil, and others 

To obta*n a solution of meicurous nitiate as free as possible from 
meicuiie oxide and excess of acid, the crystals of the sesquibasic or mono¬ 
basic nitrate of meicurous oxide (pp 71, 72) obtained by leaving cold 
mtiic acid m contact vitli excels of mercury, and rinsed with cold water, 
mutei he agitated with a laige quantity of lukewarm water, and the solution 
separated by decantation from the residual yellow bibasic salt The 
latter may also be dissolved in lukewarm water, to which nitric acid is very 
cautiomlj- added, just as the crystals of the sesquibasic oi monobasic salt 
may likewise be nnmediaielv and completely dissolved m water to which 
acid is added, there is, however, great risk of adding too much acid, 
unless it be introduced in small portions, and the liquid well shaken after 
each addition, to insure that the quantity of acid is not jet sufficient for 
the complete solution of the basic salt In the preparation of mercurous 
nitrate, according toBucholz'b method (pp. 73, 4),the admixture of mercuiic 
oxide cannot be avoided v lth an equal degree of certainty The presence 
of mercuric oxide m the mercurous solution is recognized by precipitating 
with common salt in the cold and filtering, any mercuric oxide that may 
be present passes into the filtrate in the form of mercuric chloride. 
(C. G. Mitselierlieh ) 

Special directions for the preparation of this compound may be found 
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in the pharmacopoeias, and are likewise given by Bucholz {Beil. Jahh» 
IS06, 207), Beiisenlmtz and Brandes (Br Atch 1, 2, 294), Pagenstecher 
(Rcptrt. 16, 406), Stem & Buchner (IZepert 16, 406), Monhemi (Bepeit. 
34, 191), Stoltze (BerL Jafob . 25, 1, 49), Pleischl (Zeitschr. Flips v JViss. 
3, 318), C. G Mitseherlieh (Fogg 9, 399), Dufies (X Br . Arch. 23, 309), 
and others. The method of Duties is peculiai m this respect, that 1 part 
of highl) r rectified spirit of wme saturated with ammoniacal gas, and 
mixed with 12 parts of spirit of wine, is u&ed for the piecipitation, the 
meicurial solution being added to this liquid—stirring all the while—till 
the mixtuie shghtly reddens litmus. Tkm process yields a blacker pre¬ 
paration than die rest, for, according to Dufios, the tendency of the 
nitrate of ammonia produced m the reaction to decompose the precipitated 
mercurous oxide into metallic mercury and meicunc oxide, is less powerful 
in the alcoholic than m the aqueous solution [After long standing, 
however, the precipitate assumes a lighter grey colour, even m the 
alcoholic solution.] 

The compound is black or greyish-black while moist, and blackish- 
grey when dry In the pure state, it does not yield any globules of 
mercury when pressed. 


3Hg 2 0 

624 

NH 3 

17 

NO 5 

54 

HO 

9 


C G Mitseherlieh 
88 63 88 95 

2 42 2 46 

7 67 7 32 

1 28 


Dufios. Kane. 

88 8 to 89 o 85 6 


3Hg : 0 ^NH 4 0,N0 5 704 100 00 


If the quantity of ammonia required to neutialize the nitric acid con¬ 
tained m the solution be divided mto 4 pait», and the liquid filteied 
after the addition of each portion, four diffeient precipitates aie obtained, 
as follows the first is black, and after diving at 38N contains 82 3 per 
cent of mercury, the second is black, and contains 84 5 pei cent, mer¬ 
cury, the third is dark grey, and contains 86 7 per cent, meicury, and 
the fourth has a lighter grey colour, and contains 89 per cent, mercury. 
The quantity of mercury contained in the first precipitate agrees with the 
formula 2Hg 2 0 + NH 3 ,XG 5 . (Kane, Ann, Chun Fhi/s 72, 257 ) 

According to Soubeiran, Hahnemann’s quicksilvex is a variable 
mixture of basic mercurous nitiate and tLe salt to which he gives the 
name of Protonitrate ammo tun co-mercunel (p 96). 

Hahnemann's quicksilver, when exposed to light, is gradually resolved 
into metallic mercury and basic nitiate of mercune oxide. Heated m a 
glass tube, it sublimes without residue, and yields a sublimate consisting 
wholly of mercury. (Dufios ) According to Buchner, it yields an orange- 
yellow sublimate of basic raercunc nitrate With causrc potash, it gives 
off a small quantity of ammonia (none, according to Soubeiran). Baryta- 
water deprives it of only paxt of its acid, but aqueous sulphide of barium 
takes away the whole, and drives out all the ammonia (C G Mitseher¬ 
lieh.) With oil of vitriol, it gives off nitrous fumes. (Soubeiran.) Boiling 
hydrochloric acid dissolves it completely, forming a solution of proto- 
chloride of meicury and ammonium (C. G. Mitseherlieh.) Probably 
thus : 

3Hg-0 4 NH 3 ,NG 3 *r 7HC1 = 6HgCl 4 NH 4 C1 4 NO 2 4 6HO. 

Cold dilute hydrochloric acid converts the preparation into calomel, and 
dissolves out mercuric oxide, which is almost always present in the form 
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of basic nitrate of mercuric oxide and ammonia, produced either during 
the preparation or afteiwaids Cold hydrochloric acid sometimes gives 
rise to the foimation of a detonating con pound (C G Mitscherlieh) 
Cold dilute mtno acid dissolves out meicurous oxide (Bucholz), or basic 
mercurous nitrate (Soubenan), [or pure Hahnemann’s quicksilver], and 
leaves a less soluble white salt [the basic nitiate of meicuric oxide and 
ammonia, which is generally mixed with the salt, Soubeiran, however, 
regards it as basic nitrate of mercurous oxide and ammonia]. Boiling 
acetic acid dissolves the whole, with the exception of a few globules of 
mercury. (Bucholz ) With aqueous ammonia, Hahnemann s quicksilver 
is resolved into metallic mercuiy, and soluble basic nitiate of mercuric 
oxide and ammonia (C G. Ahtscherlick) It behaves m a similar 
manner with sulphate, hydro chi orate, or nitrate of ammonia, especially 
when heated. (Comp W ittstcin, Pryeit. 57, 62, who, however, explains 
the leaction m a different way.) 

The preparation long known by the name of Me) cui ms cinereus Blaclii 
s. Kihhbifrgensium , obtained by precipitating mercuious nitrate with car¬ 
bonate of ammonia, is, when piepoied with an equal degiee of care, almost 
identical with Hahnemann^ quicksilver, but gives oil a small quantity of 
caibomc acid when tieated wnli acids, it, on the contiaiy, the piecipita- 
tion be caielessly peiformed, the product is of a pale giey colour, and 
piobably consists of a mixture of Hahnemann’s quicksilver with mercury 
and nitiate of meicune oxide and ammonia. 

b* Monobasic* —By evaporating a nuxtuie of mercurous nitrate and 
nitrate of ammonia, prismatic crystals are obtained, the aqueous solution 
of which yields a grey precipitate both with ammonia and with carbonate 
of potash (Pagenstecber, Pepeit 14,188) This grey precipitate, as it 
yields globules oi meicuiy when tr.turated after diymg, and is not turned 
white by acetic acid, must be regarded as a mixtuie of metallic mercury 
and basic nitrate of mercuric oxide and ammonia, inasmuch as the mei- 
ctirous oxide, at the very moment of piecipitation, is resolredmto mercniic 
oxide and metal (Pagenstechei ) Bucknei ( BUpeit. 27, 41 ) in preparing 
Hahnemann's quicksilver, and leaving the solution to stand over-night, 
after the addition of a small quantity of ammonia, probably obtained the 
same salt in small, translucent, bluish-grey, oblique rhombic prisms, 
having the metallic lustie, and yielding a white powder These crystals 
were insoluble [slightly soluble 2] in water, but soluble m nunc acid, 
gave off nitric acul when heated with oil of vitnol, and were blackened 
by potash, but did not give off ammonia. From these properties, Buchner 
was led to regai d them as basic nitrate of mercuious oxide Aceoidmg 
to C. G. Mittodierhch, however, the crystals give off ammonia much more 
freely with sulphide of banum than with potash, and crystals obtained 
by that chemist under similar circumstances yielded white calomel when 
triturated with common salt,, they could not, tkerefoie, be a basic salt. 

II. Compounds of Basic Mercuric Nitrate with Mercuric 
Amide — a Hg,NH 2 -f-5Hg0,N0 5 ?—Sometimes obtained in. the form of 
a yellow piecipitate when a sir, ng solution oi mercuric nitrate is mixed 
with a very large excess of ammonia. Frequently, however, the salt h or 
c is formed instead of this compound Contains 84 oi 85 per cent of 
mercuiy, togetherwith mononitrate of ammonia. (Kane, Aim Chim Phys. 
72, 242.) 

To this head probably belongs one of the three salts examined by 
Pagenstecher (Pey)ert. 27,1), and formed by mixing a solution of mercuric 
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(or mercurous) nitrate with, a large excess of ammonia, and leaving the 
liquid to evaporate, the salt is then precipitated. It is light yellow, but 
gradually turns brown when exposed to sunlight When decomposed by 
sulphuretted hydrogen under water, it y elds a neutral solution of nitrate 
of ammonia, containing 6 OS per cent, and 96 5 per cent of sulphide of 
mercury (= 83 18 metal — S3 S4- rneicunc oxide) Whe x heated m a 
retort, it gives off nitrous fumes, together with a small quantity of water, 
forms a yedowish-reJ sublimate, and leaves a red powder, which disappears 
on the application of a strong heat, and yields an orange yellow sublimate, 
quite free from metallic mercuiy Dissolve* in cold hydrochloi ic acid, and 
is precipitated unchanged by ammonia, dissolves sparingly m ammonia, 
and crystallizes out a* the ammonia evaporates Not decomposed by 
oil of vitnol, or by warm aqueous potash, the latter, however, deepens 
the yellow culuur (Pagenstecher ) 

b Hg.NH 2 -f 3Hg0 y N0 5 —1 Formed by decomposing a dilute solu¬ 
tion of mercuric nitrate with a slight excels of ammonia (Soubeiran ) 
The prec pitation must be perfoimed at a high temperature, or, if the 
precipitate be formed m the cold, the mixture must be afterwards heated 
The same compound is formed on boiling the salt c with water 

White granular powder, which, when heated, turns yellow, gives 
off nitrogen gis, ammonia, anl afterwards nitious fumes, and finally 
oxygen gas and mercury (Kane ) When suspended in water through 
which a current of suphuretted hydrogen is pissed, it yields sulphide 
of meieurv and a neutral solution of nitiate of ammonia. Soubeiran, 
Kane ^ Boiled with hydrochloi ic acid, it gi\ es off nitrous fumes Dis¬ 
solves in cold hydiochlonc acid and is precipitated from the solution 
in the form of a gianular powder by water dissolves very spanngly 
and without decomp >*ition m nitric and sulphuric acid, dissolves m 
ammonia and is pa tly precipitated fiom the solution by water. (Sou¬ 
beiran ) Not dissolved or decomposed by watei or solution of potash, 


either cold or boiling. 

(Soubeiran.) 






Kane. 

Soubeiran. 
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May likewise be regarded as Hg 3 X -f HgO,XO 5 -f 2HO. (Rammelsberg.) 

c Hg,XIPJ-2HirO.NQ 5 —Formed by precipitating a dilute solution 
of merouiic nitrate containing the slightest possible excess of acid, with 
dilute ammonia, not m exces* The same compound is likewise formed 
when terba*ic mtiate of mercuric oxide is boiled foi a moment with 
solution of nitrate of ammonia, which thereby acqunes an acid reaction : 

(3Hg0,N0 5 t HO) -Nff NO 5 = (Hg,NH- -r 2Hg0,K0 5 ) + NO* + 2HO 

Soft, white precipitate, which remains for a long time suspended 
in the liquid, and may be dried at 100' without decomposit’on Exhibits 
the same characters as 5, when heated or when acted upon by potash. 
Boiled with water, it gives up a small quantity of nitrate of ammonia 
and is converted into the salt 6, becoming thereby granular and of a less 
pure white (Kane ) Dissolves sparingly m aqueous nitrate of ammonia 
containing free ammonia. (C. G. Mitscherlich.) 
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cl HgjNff + SHgOjNO^ + NH^O^NO 5 , according to Kane, or2HgO-b 
NH 3 ,N0 5 , according to C. G. Mitscherlicb —The salt c dissolved m 
aqueous nitrate of ammonia, yields yellowish crystals on evaporation. 
J C. Fr. Meyer likewise obtained crystals united m stellate masses, 
by supersaturating meicunc nitiate with caustic ammonia or carbonate 
of ammonia, till the piecipitate was redissolved, and then evaporating 
the liquid —The crystals aie easily decomposed by alkaline hydro- 
sulphates and by hydrochloric acid, but not by other acids Nitric acid 
dissolves them very sparingly, sulphuric acid, ammonia, and potash, 
have no action upon them, baiyta-water decomposes the salt but very 
imperfectly and with gieat difficulty (C. G Mitscheilich.) 

To this lieadpeihaps should also be assigned Pagensteclier’s salt, which 
separates after a few hours from a mixture of mercuric nitrate and 
nitrate of ammonia, and is likewise produced by digesting mercuric 
oxide, at a gentle heat with a stiong solution of nitrate of ammonia It is 
white, does not turn brown when exposed to light, gives off more water 
by distillation than c, and neveithcle&s evolves ammonia when treated 
with potash, and acid vapours with oil of vitnol (Pagensteclier) — 
Mercuric nitrate forms a white precipitate with nitrate of ammonia; 
the liquid filtered fiom this precipitate yields, on evaporation, six-sided 
prisms with pyramidal summits. (Fourcioy, Ann Chun 14, 37 ) 

C G Mitscheilich Pagensteclier 
2HgO 216 75 26 75 22 73 50 

NH 3 17 5 92 5 80 \ 

NO 5 54 IS 82 IS 12 f /0 

~ ” 287 100 00 99 14 

e Hg,NH 2 + 3Hg0,N0 5 4-2(NH 1 0,N0' 5 ) + 2HO, or 4HgO + 3(NH 1 0, 
NO 3 )* — The solution of the salt c m a stiong boiling solution of nitrate 
of ammonia, filtered hot, yields, on cooling, shining needles winch after 
a while become dull and opaque—Water extracts nitrate of ammonia 
from these crystals, and leaves the salt c —The same salt is obtained 
by boiling mercuric nitrate with nitrate of ammonia, (Kane, Ann 
Chim. Rhys. 72, 242 ) 
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Mercuric oxide dissolves m a very large excess of nitrate of ammonia, 
forming a liquid which is not precipitated by ammonia; so likewise 
does mercurous oxide, but with separation of metallic meicury. (Witt- 
stem, Repei t. 57, 70) 

Soubeiran's so-called Mercurous salt , Protonitrate cimmonmco-mer - 
cunel —Formed by mixing a solution ot mercurous nitrate with a large 
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quantity of nitric acid or nitrate of ammonia, and then precipitating 
by ammonia, or by adding ammonia to the solution of mcrcuious nitrate 
till the precipitate begins to turn white, then filtering and ]3recipitating 
by ammonia —White, tasteless powder. Heated in a glass tube, it 
gives off nitrous fumes, sometimes with emission of light, and leaves 
red oxide of mercury When suspended m water, through which 
sulphuretted hydiogen is passed, it is resolved mto 95*87 per cent, 
of sulphide of mercury and a neutial solution of rntiate of ammonia. 
It dissolves abundantly m hot oil of vitriol, which decomposes it but 
slightly. Nitric acid dissolves it without decomposition, and the more 
abundantly, the hotter it is. It dissolves slowly m cold, more quickly 
in hot hydrochloric acid —Aqueous ammonia dissolves it m considerable 
quantity It is not dissolved or altered, even at a boiling heat, by 
water, or by a strong solution of potash or soda —Contains 92 2 per 
cent (4 At ) meicuious oxide, 1 88 p c (1 At ) of ammonia, and 5 92 
p. c (1 At.) of nitric acid (Soubeiran, J. Phcirm 12,465, 509 and 561, 
also iY. Tr 14, 1, 197, further, Ann Ghim Plnjs 36, 220.)—This view 
of its composition appears to be confirmed by its formation fiom a 
solution of mercurous oxide It must not be foigotten, however, that 
such a solution often contains mercuric oxide This oxide is likewise 
formed from the meicurous oxide, with sej3aration of metallic mercury, 
by the action of ammonia and nitrate of ammonia, which latter is added 
by Soubenan to the mercuiy solution, eithei m the form of the salt 
or of its sepaiate constituents (That such decomposition of the mereuious 
oxide may take place, is shown, both by the facts adduced on page 91, 
and by the following expenments of C G Mitsclieilich.) Mercurous 
oxide is quickly decomposed in a stiong solution of nitrate of ammonia, 
and slowly in a dilute solution, into metallic mercury and a white 
mercuric double salt On adding ammonia to a meicunal solution 
previously mixed with nitiate of ammonia, metallic mercury is preci¬ 
pitated, and the filtrate treated with potash yields a white mercuric 
double salt — It is tine that Soubeiran found that the sulphide of 
mercury thrown down from the solution by hydrosulpliuiic acid yielded 
globules of mercuiy on tiituration, and 92 per cent of mercury globules 
when distilled with lime, and consequently had the composition of 
disulphide of mercuiy, but this result might perhaps be due to the 
piesence of metallic mercury m the pieparation used for the expeimient. 
On the other hand, the solubility of the salt m hydrochloric acid, 
without sepaiation of calomel, a property fiist recognized by Soubenan 
himself, is m favour of the supposition that it is a meicmic salt. 
Moreover, Pagenstecher, C G Mitsclieilich, and Kane weie unable to 
form any white meicurous salt agreeing with this compound.— Hence 
it is probable that Soubeirans salt is the meicuric salt b, paitly mixed 
with mercury. 


Mercury and Potassium. 

A. Potassium-amalgam — 1 . The two metals unite even at ordinary 
temperatures, the combination being attended with great evolution of 
heat. (H. Davy )—2 When mercury is placed m a cup connected with the 
negative pole of a voltaic battery of at least 20 paiis, and covered with a 
strong solution of potash m which a piece of hydrate of potash is immersed, 
and mto which the positive wire dips, the mercury takes up potassium. 

VOL. vi. n 
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(Berzelius ) 1 part of potassium forms with 30 parts of meicury, an 

amalgam which, after cooling, is tolerably hard and brittle, with 70 pts. 
meicuryit likewise foims an amalgam which is solid at oidmary tempera¬ 
tures, but with moie than 70 pts , it loims a liquid amalgam (H Da 1 ^ y ) 
Accoidmg to Gay-Lussac and Thenard, the amalgam is solid and ciystal- 
lmo when it contains from 70 to 96 pts. of mercury to 1 pt of potassium, 
but liquid when the propoition of mercury amounts to 140 According 
to Bottger (J. pr Chem 1, 303), the amalgam is perfectly solid when it 
contains 100 pts of meicmy to 1 pt of potassium, with 140 mcrcuiy, it 
is very hard, with ISO mercury, fnahle and partially crystallized, with 
200 meicury, viscid The amalgam crystallizes in cubes. (Beizclius & 
Pontm ) The solid amalgam fuses when slightly heated. It gives off its 
mercury below a led heat (H Davy) When exposed to the air or 
immeised m w r ator, it is resolved into meicury and aqueous potash, 
hydiogen gas being slowly evolved, a snnilai change is pioduccd by 
aqueous acids. In contact with moist ammoniacal salts, it is lesolvecl 
into a potash-salt and ammoniacal amalgam It amalgamates easily with 
iron and platinum (II Davy ) 

Meicuiic crude is shglitly soluble m aqueous caibonate of potash (Bei 2 elius, 
Wittstem, Rejpert 81, 156) 

B Sulphide op Mercury and Potassium, iiydhyted — When 
cinnabar is prepared m the humid way by KirtbliofTs piocess (p 22), the 
liquid sepai a tod from the cinnabar contains a considerable quantity of 
meicury in solution, in consequence of the large excess of potash present, 
and, when evaporated m a ictort, aud subsequently cooled, yields at fust 
crystals of hyposulphite of potash, and then, after furlhei concentiation, 
solidifies m a gelatinous mass, consisting of very fine silky needles Those 
needles are dried by piessure, between blottmg-papei When exposed to 
the air, they soon turn giey and afterwaids black, enuttirg an odoux like 
that of sulphuietted hydiogen, with which anothci odoui is mixed. 
Under water they lesolve themselves into a black powdei, of winch a 
larger quantity separates fioin the liquid on fuithci dilution, hut if the 
water contains sal-ammoniac, the whole of the black powdei separates 
immediately Tins black powder has the cliaiactors of black sulphide of 
mercury, but contains a few globules of mcieuiy, the aqueous liquid is 
free fiom meicury, aud contains sulphide of potassium together with 
hyposulphite of potash This salt cannot be prepared by tioatmg cinnabar 
with aqueous hyposulphite of potash and sulphide of potassium (Brunner, 


Fogg, 15, 596 ) 
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C. Hyposulphite op Mercuric Oxide and Potash —Formed by 
agitating a solution of 5 pts. hyposulphite of potash m 24 pts of boiling 
water with 2 pts finely pounded mercuric oxide, warming the liquid fre¬ 
quently till the oxide is completely dissolved, and filtenng hot (Kiich- 
hoff ) Mercuric oxide dissolves, with evolution of heat, m hyposulphite 
of potash, wlien mercuious oxide is used, metallic meicmy remains 
undissolved. The liquid must not be boiled, otherwise black sulphide of 
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mercury will separate out (Rammelsberg ) The solution, as it cools, 
deposits delicate white prisms, which must be separated from the mother- 
liquid, containing free potash, washed with cold water, and again crystal¬ 
lized from solution in hot water They then no longer ledden tnimeiic, 
their taste is bitter and afterwaids metallic. (Knchhoff.) The crystals 
have the form of/y. 55. (Herschel.) 
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black when exposed to light (Rannnelsberg.) Does not effioiesce m the 
air (KirclihofF) When distilled alone, it gives off sulphurous acid, 
sulphur, sulphide of meicury, and metallic meicury, and leaves sulphate 
of potash (Rammel&berg), amounting to 44 per cent (KirclihofF.) When 
distilled with watei, it yields a distillate containing sulphuious acid, 
whilst 46 pei cent of cinnabar remains m the retort, together with a 
slight excess of sulphur and sulphate of potash. (Kirchhoff) The aqueous 
solution deposits black sulphide of mercury on boiling, and cinnabar when 
left at rest (Rammelsbeig) Sulphuric, hydrochloric, and nitric acid, 
lender the solution milky m the couise of five minutes (from separation 
of sulphur, accoidmg to RammeLbeig), and thiow down cinnabar, causing 
at the same time an evolution of sulphuious acid gas The solution is not 
affected by sulphurous acid, acetic acid, potash, or soda Baryta or lime- 
water produces, aftei a while, a gieyish yellow precipitate, which gives off 
sulphuious acid when tieated with stronger acids. Meicurous nitrate 
produces a blackish grey precipitate, bismuth, lead, lion, and copper, 
decompose the salt. (Kirchhoff) Lead-salts pioduce a white precipitate ; 
silver-salts, a piecipitate which contains mercury, and is yellow at fhsfc, 
but afterwards turns brown. (Rammelsberg, Fogg 56, 315.) The salts of 
baryta, zinc-oxide, cadnne oxide, and ferrous oxide, pioduce no precipitate. 
This salt is soluble in 10 parts of water at 15°, and in half its weight of 
boiling water; alcohol precipitates it fiom the aqueous solution. (Kirchhoff, 
Scher Ann 2, 30 ) 

IT C'. Sulphate of Mercuric Oxide and Potash. —KO,S0 3 
~j- 3(Hg0,S0 3 ) -f- 2 Aq —Prepaicd by dissolving 1 At. anhydrous mercuric 
sulphate in hot sulphuric acul, digesting the liquid with a solution of 1 At. 
sulphate of potash till the precipitate fiist foimedie-dissolves, then adding 
boiling water till a permanent tuibidity is produced, and leaving the 
whole to cool slowly Large colourless ciystals belonging to tlie oblique 
prismatic system. (Hirzel, Zeitschr f Pharm 1850, 17 ) % 

D Iodide of Mercury and Potassium —a. Mono-acid? —KI, Hgl — 
This salt may be supposed to exist m the liquid obtained by dissolving 
the salt b in water, inasmuch as 1 atom of mercuric iodide is thereby 
separated The solution, when evaporated, yields no crystals, but a 
yellowish mass, and on dissolving this mass m water, iodide of potassium 
separates out at first, but is re-dissolvecl on agitation. (P. Roullay, Ann . 
Chun Phys 34, 345 ) This liquid must be regarded as a solution of the 
salt b m aqueous iodide of potassium, for when evaporated, it yields 
needles of the salt b and cubes of iodide of potassium. (Souville, J . Pharm . 
26, 475, Laboure, N, J . Pharm . 4, 300 ) 

TT 9 
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b. Bi-acid. — KI,2HgI.— 1. Formed by saturating bot aqueous 
iodide of potassium with protiodidc of morcuiy, leaving the solution 
to cool till the third atom of meicunc iodide lias crystallized out, then 
pouring off the liquid, and leaving it to cool to a still lower temporatuie . 
prisms of the salt b aie then obtained (Boullay ) Aqueous iodide of 
potassium saturated in the cold with mercuric iodide, and then evapo¬ 
rated in the open air, if it be very dry, or else under a bell-jai over oil of 
vitriol, likewise yields the crystals, (v Bonsdoiff) --2 The double 
salt may also be obtained by saturating a boiling solution of potash with 
iodide of mercury, whereupon meicuric oxide separates out, as the liquid 
cools, iodide of meicury is first deposited, and afterwards the salt b 

4HgI + KO = (KI,3HgI) + HgO. 

Also when iodide of mercury is boiled with alcoholic potash, or with 
carbonate of potash and alcohol, a liquid is obtained, which, on cooling, 
deposits yellow needles of the salt b (Berthemot, J. Pharm 14, 186 )— 
2. By boiling either the protoxide or the dioxide of mercuric oxide with 
aqueous iodide of potassium, the protoxide is completely dissolved, and 
the liquid contains free potash, with only 2 At iodide of raercuiy to 1 At 
iodide of potassium, and theiefoie, on cooling, deposits no iodide of mer¬ 
cury, but only the salt 5, when the dioxide is used, metallic mercury 
immediately separates, mixed, if the oxide is in excess, with dmiodide of 
mercury (Berthemot) . 

2HgO,3KI = K1,2HgI 4- 2ICO. 

4. By evaporating the solution of corrosive sublimate in aqueous iodide of 
potassium till it crystallizes, and dissolving out the salt b with alcohol, 
which leaves behind the chloride of potassium. (Bonsdorff, Pogg 17, 265): 

2HgCl + 3KI = KI,2HgI + 2KC1. 

Long, yellow prisms, resembling the ammonium-compound and sulphur; 
somewhat greenish after diymg Gives off a small quantity of water 
when heated, afterwards fuses to a led liquid, and lastly gives off iodide 
of mercuiy. (Boullay) The liquid obtained by the application of a 
moderate heat is oily and yellow, and, on cooling, solidifies m a greenish 
yellow mass, having a radiating fracture, hut at a higher temperatme, it 
turns brown, and afterwards solidifies, on cooling, m a mass having a 
granular fracture, at a still higher tempciature, it turns dark biown, and 
gives off iodide of mercury (Brandes & Bohm, N Br. Arch . 23, 175 )— 
The salt, when heated with, copper or iron, gives up all its mercury, which 
distils over. Chlorine gas decomposes it, and on the application of heat, 
finally converts it into chloride of potassium. Dilute acids separate all 
the iodide of mercury from it. Water separates about half the iodide of 
mercury, and forms a solution containing the salt a (Boullay.) The salt 
is permanent in dry air, but becomes moist in air winch is not quite dry. 
When a stratum of its alcoholic solution is left to evapoiate m a watch- 
glass, so that a thin film of the salt may remain on the glass, this residue 
turns red when breathed upon, hut recovers its yellow colour on being 
gently heated. (Braudes & Bohm ) Strong acetic acid (which neither 
dissolves iodide of potassium nor iodide of mercury) dissolves the double 
salt, and water added to the solution separates iodide of meicuiy. (Ber¬ 
themot ) The salt dissolves without decomposition in strong alcohol and 
in ether. (Boullay, Berthemot) The alcoholic solution may be mixed 
with the ethereal solution without pioducmg a precipitate. The solution 
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in alcohol of 70 per cent, or weaker, deposits beautiful crystals of iodide 
of mercuiy, when left to evaporate spontaneously. (Braudes & Bohm ) 


KI 

2HgI 

Anhydi ous. 

165 2 . 26 77 

452 0 73 23 

Boullay. 

29-7 

70 3 

KI,2HgI 

617 2 

100 00 

100 0 

KI,2HgI 

3HO 

Ct ydallized 

6] 7 2 95 81 

27 0 4 19 

Boullay. 
95 5 

4 5 

+ 3Aq 

644 2 

100 00 

100 0 


c Ter-acid ?—165*2 pts (1 At) of iodide of potassium, dissolved in a 
small quantity of watei, take up 672 pts (3 At.) of iodide of mercury at 
a boiling heat, but the solution deposits 1 At again on cooling Oil the 
addition of alcohol, a smaller quantity of mercuric iodide separates out. 
(Boullay ) According to Souville, a boiling aqueous solution of iodide of 
potassium dissolves moie than 2 atoms of meicuiic iodide, hut not so much 
as 3 atoms, the mixtuie, therefore, is not a definite compound, but a mere 
solution of mercuric iodide in the solution of salt l 

Iodide of potassium dissolved in a boiling solution of mercuric nitzate, 
yields, on cooling, flat, colourless needles, consistzng of a compound of 
iodide of potassium with meicnnc nitrate, they aie easily decomposed by 
water, and when heated, give off iodide of mercury, together wrth the 
decomposition-products of nitric acid (Preuss, Ann Phcmn 29, 328.) 

E. Bromide of Mercury and Potassium — a Mono-acid 2 —The 
aqueous solution of equal paits of biomide of potassium and salt 5, yields 
on evaporation, prismatic crystals, which aie pennanent m the air, and 
probably consist of KBr,HgBr—(BonsdorfF, Pogg. 19, 339.) 

b. Bi-acid —Foimed by saturating a moderately concentrated solution 
of biomide of potassium with protobromide of meicury, and evaporating 
to the crystallizing point. (Lowig, BonsdorfF) 

Yellow octohedrons (Lowig), flattened rhombic prisms with the ter¬ 
minal faces somewhat oblique. (BonsdorfF) Lowig’s salt was anhydrous, 
BonsdoifF’s contained water. The crystals fuse without giving off water, 
and yield a sublimate of meicuiic bromide. Considerable quantities of 
water separate half the mercuric bromide (Lowig ) A concentrated 
solution of bromide of potassium takes up about 3 At. bromide of iner- 
cuiy when heated, and is converted into a stiff, opaque mass, which, when 
cooled or diluted with watei, gives up the excess of biomide of meicury, 
so that only 2 At. remain m solution. (Lowig ) 


Anhydious. Crystallized. BonsdorfF. 


KBr 

2HgBr 

117*6 

356*8 

24 79 

75 21 

KBi 

2HgBr 

2HO 

117 6 
356 8 

18 0 

23 88 

72 46 . 
3*66 

24*10 

72*42 

3*48 

KBi,2HgBi 

474*4 

100 00 

+ 2Aq 

492 4 

100*00 

100*00 


E Chloride of Mercury and Potassium — a Mono-acid. — A 
solution of 7 pts. chloride of potassium m 21 pts. water, moderately 
heated, takes up S pts of corrosive sublimate, afterwards, if cooled down 
to 15*5, it deposits a few needles, and at 10°, solidifies almost completely 
m a mass composed of needles. (J. Davy)—1. An aqueous solution of 
chloride of calcium mixed with a solution of corrosive sublimate in excess, 
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deposits, on tlie addition of alcohol, a quantity of silky needles united in 
tufts (Liebig, Schw 49, 252 )—2 Tlie compound is also formed by 
adding to the aqueous solution of salt 5, as much chloride of potassium as 
it alieady contains, and leading the mixtuie to cvapoiate in the air. 
Cubes of chloride of potassium separate out at the last (Bonsdorff, Fogg. 
37,123) 

Large, colourless, light rhombic prisms Fig 62 u u = 310°; 
u • a = 141° 30', p a = 123° 30'.—The chloride of mercuiy m this and 
the following salts can only he separated by continued ignition m an 
open vessel This salt is easily soluble m water, spaimgly m alcohol. 


KC1 . . 

Anhych ous 

H 6 35 52 

Liebig 

35 32 

HgCl 

135 4 

61 48 

64 68 

KCl,HgCl 

210 0 

100 00 

100 00 

KC1 

Crystallized 

74 6 34 07 

Bonsdoiff 
33 73 

HgCl 

135 4 

61 82 

61 31 

HO 

9 0 

4 11 

4 96 

KCl,HgCl +Aq 

219 0 

. 100 00 

100 00 


b. Bi-acid .—A solution of chloride of potassium, saturated in the cold, 
is digested at 30°, with excess of corrosive sublimate, water being con¬ 
tinually dropped m and the liquid stirred,—and the solution is filtered 
warm through a heated funnel, and afterwaids left to cool The filtrate 
first deposits crystals of salt c, afterwaids, if decanted from these, and 
abandoned to spontaneous evaporation, it yields crystals of salt b — 
Flattened, four-sided prisms and needles, united in stellate gioups, and 
having then terminal faces inclined at an angle of 92° 93', to the latcial 

faces. They dissolve easily m water, spaimgly m alcohol (Bonsdoiff, 
Fogg 19, 336 ) The same compound is obtained m silky needles, by 
dissolving in water the crystals which separate from a solution of cono- 
sive sublimate m cold concentrated hydrochloric acid, and satuiating the 
acid with potash (Boullay, Ann. CJum Ph ys. 34, 344 ) 


Ankydi a us. 


KC1 

71 6 

21 6 

2HgCl 

270 8 

78 4 

KCl,2HgCl 

315 4 

100 0 


Ci ystalhzed 

Bonsdoiff 

KC1 

74 0 20 53 

20 97 

2HgCl 

270 8 71*52 

75*24 

2HO . 

IS 0 4 95 

3 79 

KCl,2HgCl + 2Aq. 

363 4 100 00 

100 00 


c. Qvadrctcid .—1 Formed by agitating a saturated aqueous solution 
of chloride of potassium, at a tempeiature between 50° and 60°, with 
pulverized corrosive sublimate On cooling, the liquid solidifies m an 
asbestos-like mass, consisting of fine silky needles. (Bonsdorff, Fogg 17, 
122 )—2. When boiling hydrochloric acid is saturated v r ith conosive 
sublimate, and the solution neutralized with potash and left to cool, silky 
needles of the salt c are obtained. (Boullay ) 

The needles are rhombic prisms with angles of about 112° and 68°. 
They dissolve very easily m warm water; a solution which still remains 
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clear at 18° may deposit an abundance of needles at 15°; the liquid is 
very apt to effloxesce during evaporation. The salt is sparingly dissolved 
by alcohol. (Bonsdoiff) 

Anhychons. Cnjsialhzed . Bonsdorff. 

KOI 74 6 12 11 KC1 74 6 1] 46 11*34 

4HgCl 541 6 87 89 4iIgCl 541 6 8.5 04 83 10 

4HO . 36 0 5 50 5 56 

KCl,4HgCl 616~2 100 00 + 4Aq . 632 2 100 00 100 00 ' 

The solution of the salt c m water dissolves an additional quantity of 
conosive sublimate at a boiling heat, and on cooling, oi on the addition, 
of a small quantity of water, deposits it again m needles, after which the 
salt c crystallizes out (Bonsdorff) 


Mercury and Sodium. 

A. Sodium-amalgam —Sodium combines rapidly with mercury at 
oidmaiy temperatuies, the combination being attended with a hissing 
noise and vivid combustion. (Gay-Lussac & Timnard, Reche relies, 1 , 246 ) 
A piece of sodium forcibly tin own upon mercuiy, is thrown out of the 
vessel with explosion, m consequence of the great heat produced. 
(Seiullas, Ann. Chun. Rhys 40, 328 ) To foim the amalgam, the two 
metals should be tntuiated together m a diy moitai fitted with a cover, 
and the nnxtuie immersed m lock-oil as soon as the combustion is over. 
(Eottger) The amalgam lias the coloui of moicuiy When it contains 
30 paits of mcicuiy to 1 pait of sodium, it is toleiably hard under the 
file which wears it away m the loim of powder, it exhibits a ciystalhno, 
laminai fiactuie (Lampadius, Kiu>ln A)eh 16,102) When it contains 
40 parts of mercury, it is still solid, but softci than with 30 paits. 
(Lampadius) An amalgam containing 60 juirts of ntoicury to 1 pait of 
sodium forms a stiff paste at 2T. (Eottger ) 64 parts of nicicury and 1 of 
sodium form a conqiound winch exhibits a confused ciystdllme stiucture. 
(Gay-Lussac & Thcnaid ) 80 paits mcicuiy to 1 sodium’ pasty at 21°. 

(Bottger ) 86 mercury to 1 sodium a mass containing numeious small 

gianular ciystals (Gay-Lussac k Thenaid) 100 mercury to 1 sodium, 
iiscid, and consisting of a solid and a liquid poition (Bottgei ) 128 

mcicuiy to 1 sodium liquid (Gay-Lussac A Theinud.) Sodium amalgam 
exhibits the same decompositions as potassium-amalgam It hkewuso 
amalgamates non and platinum (II Davy ) It decomposes the salts of 
baryta and stiontia, and many heaiy metallic salts, when a small quantity 
of water is present, the piodifct being a compound of mcicuiy with the 
heavy metal. (Bottgei, J.jn. Chan. 3, 283.) 

B Hyposulphite op Mercuric Oxide and Soda.— Mercuric oxide 
dissolves quickly m aqueous l^posulplnte of soda, setting the soda fiee. 
The liquid has a sweet, metallic taste, and becomes turbid wdien left to 
itself or wdien evaporated, even m -\acuo, depositing a laigc quantity of 
cinnabar (Uerschel, Edinb Rial J. 2, 154) Alcohol added to this 
solution thiows dow r n a tenacious mass, winch after long standing, deposits 
black sulphide of mercuiy, the salt cannot he obtained in the solid state* 
(Rammelsberg, Rocjg 56, 318 ) 
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C Iodide of Mercury and Sodium. —Aqueous iodide of sodium, 
saturated in the cold with iodide of mercury and evaporated over oil of 
vitriol m a bell-jar containing air, yields huge, sulphur-yellow, rhombic 
prisms, with many secondaiy faces these crystals deliquesce lapidly 
when exposed to the air. (Uonsdorff, Pogg 17, 266 )—199 2 pts. (1 At.) 
of iodide of sodium dissolved in a small quantity of water, take up, when 
heated, 695 pts (a little more than 3 At) of iodide of mercuiy, the 
solution, on cooling, deposits a portion of it (probably I At), and when 
evaporated, yields no crystals, but a yellow mass, from which iodide of 
mercury is sepaiated even by trituration, or by cooling If) foi example, 
the inner suiface of a basin m which the evaporation has been earned 
almost to dryness, be scratched with a glass rod, iodide of meicury sepa¬ 
rates at that part, and thence the separation proceeds throughout the 
whole mass If the evaporated mass be dissolved m a large quantity of 
water, iodide of mercury likewise separates out, probably 1 At., and the 
filtiate, when very slowly evaporated, yields long, veiy deliquescent 
needles. (Boullay) This ^alt is likewise obtained by boiling iodide of 
mercury with aqueous oi alcoholic soda, or with carbonate of soda and 
alcohol, or by boiling meicuric oi meicuious oxide with aqueous iodide of 
sodium. It is not crystalline, deliquesces veiy quickly. (Berthemot.) 

D Bromide of Mercury amd Sodium —Sometimes in needles, 
sometimes in tolerably laiae lhombic pnsms, deliquescent in the air. 
(Bonsdoiff) 

E. Chloride of Mercury and Sodium. A solution of 7 pts. common 
salt in 20 pts watei, takes up 32 pts conosive sublimate at 15 5°, and 
3 pts. more when gently heated , it then has a specific giavity of 2 14, 
and is m a condition to take up a little more common salt, the whole 
remains dissolved when the liquid cools If, on the contiaiy, a still 
larger quantity of corrosive sublimate he dissolved at a lughei tempeia- 
tuie in the satuiated solution ot common salt, small ihomhoidal crystals 
are formed on cooling (J Davy) The mono-acid salt cannot be obtained 
in the crystalline foim (Bonsdoiff)— Bi-acul salt ■—1. Formed by 
agitating a saturated solution of common salt with corrosive sublimate, as 
long as any of the latter is dissolved, and leaving the filtiate to evapoiate 
spontaneously (Bonsdoiff)—2. A solution of equal parts of common 
salt and conosive sublimate abandoned to spontaneous evaporation, fiist 
yields crystals of common salt, and afterwards long needles of the double 
salt (Schindler, Pepert 36, 240 )—■ Inegular six-sided needles, united m 
tufts; permanent m the air (BonsdorfL)—The crystals fuse m their 
water of crystallization at 1 00°, and when f more stzongly heated, boil up 
and give off this water, together with a small quantity of chloride of 
meicury.—They dissolve m 0*33 pts. water at 150 u , their solution 
exhibits with alkalis the same piecipitations as a solution of conosive 
sublimate, and gives a white precipitate with spiing-water containing 
carbonate of lime (Schindler.) When the aqueous solution is agitated 
with ether, the latter dissolves out, not the corrosive sublimate alone, but 
the undecomposed double salt, and the solution contains 1 part of that 
salt in 275 paits of ether. (Lassaigne, Ann, Chim Phys 64, 104.) 


Anhydrous, 

NaCl 5S 6 . . 17*79 

2HgCl 2"0 8 82 21 

NaCl,2IlgCl . 329 4 100 00 
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NaCl 

2HgCl 

3HO 


Crystallized 

BonsdoifF 

Schindler. 

58*6 

16 44 

16*0 

16 10 

270 8 

75 98 

75 0 

75 86 

27 0 

7 58 

8 8 

7 73 


NaC,2HgCl + 3Aq 356 4 100 00 99 8 99 69 


F Amalgam of Potassium and Sodium —A mixture of equal parts 
of potassium and sodium agitated with mercui y, combines with it, pro¬ 
ducing a remaikably vivid incandescence. (Accum.) An alloy of 1 pt. 
sodium, 10 potassium, and 200 mercuiy, solidifies in an extremely solid 
mass (Bottger, J, pr. Client, 1, 303 ) 


Mercury and Lithium. 

A. Lithium-amalgam. —Formed, when the negative pole of a voltaic 
battery is placed m contact with meicury covered with a strong aqueous 
solution of lithia, into which the positive wire dips. (Mitscherlich, 
Lehib. 2, 84.) 

B Chloride of Mercury and Lithium. —There are two double 
chlorides of this nature, one of which crystallizes m needles, which are 
permanent m the air, while the other is deliquescent (BonsdorfF.) 


Mercury and Barium. 

A. Barium-amalgam —Obtained by the galvanic process (I, 458; 
III, 133) H Davy. This amalgam has very little fluidity, becomes 
covered with a grey film on exposure to the air, and decomposes slowly 
m pure water, more quickly in water containing sulphmic acid. 
(Berzelius k> Pontm.)—2. Sodium-amalgam containing 100 parts of 
mercury to 1 pait of sodium, when immersed in a saturated solution of 
chloride of baiium, is converted, with veiy feeble evolution of gas, into 
barium-amalgam The latter is taken out of the liquid as soon as the 
stronger evolution of gas ceases, then dried between bibulous paper, and 
immeised m rock-oil. The amalgam thus prepared has about one and a 
half times the volume of the sodium-amalgam used, it is solid, rough, 
uneven, and may be leduccd by pressuie between the fingers to a sandy 
paste. When exposed to the air for some time, it is conveited mto 
mercury and carbonate of baiyta When immersed m water, it gives off 
hydrogen gas, and foims baiyta-water. In a saturated solution of sal- 
anmioniac it forms a tolerably bulky ammomacal amalgam. In a 
saturated solution of blue vitriol, the globule of amalgam immediately 
begins to rotate, causing the solution to move in two opposite dnections, 
and at tbe same time sulphate of baryta shoots out m flakes, which 
assume various hues, fiom the presence of cupious oxide and hydrated 
cupric oxide, and look like a growth of moss, the action goes on for 
15 or 20 minutes, by which time the whole of the barium is converted 
into sulphate. (Bottger, J, pr, Client . 1, 305.) 

B. Sulphide of Mercury and Barium —Black sulphide of mercury 
is slightly soluble in aqueous sulphide of barium. (Rammelsberg, Fogg. 
48, 176 ) 
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C. Hyposulphite of Mercuric Oxide and Baryta. —Aqueous 
hyposulphite of baryta dissolves mercunc oxide, forming an easily 
decomposible liquid, which does not deposit crystals (Ramnielsbeig, 
P°gg> 56, 318 ) 

D Iodide of Mercury and Barium. —a Mono-acid ? — An aqueous 
solution of iodide of meicury m aqueous iodide of banuin, fiecd by 
cooling and dilution from excess of iodide of mcrcuiy, yields yellowish 
crystals, soluble m water 

b. Bi-acid %—An aqueous solution of iodide of barium, saturated hot 
with iodide of mercury, deposits pait of the latter on cooling, and when 
separated therefiom and evapoiatcd, yields ciystals wlncli probably con¬ 
tain 2 At. iodide of meicuiy to 1 At iodide of barium, and from which 
the iodide of mercury separates, both when they arc diicd by heat and 
when they are dissolved m a laiger quantity of watei (P Boullay ) 


E. Bromide of Mercury and Barium —Pnsms having a strong 
lustre, and deliquescing m the air. (Bonsdoiff) 


F Chloride of Mercury and Barium —20 parts of water saturated 
with 8 4 7 paits of ciystallized chloiide of barium, dissolve 16 parts of cor¬ 
rosive sublimate at 15°, and 4 paits moie when moderately heated The 
solution has a specific gravity of 1 9, and, on cooling, deposits a small 
number of crystals, winch appear to have a cubical foixn (J Da\y, Phil. 
Turns 1822, 364 ) When an aqueous solution of chloride of barium, 
saturated m the cold, is agitated with pulvemed conosrvcsublimate, then 
filteied, and left to e\ apoiate spontaneously, ciystals of conosive sublimate 
are fiist deposited, then the ciystals of the double clilondo, hist m lays 
and laminae, united as m Pielimte, afterwards in small tables, having the 
form of oblique lhombic prisms, whose lateral dihechal angles are equal 
to 95° and 85 u . The crystals effloicsce in diy air, hut aie otherwise 
peimanent in the air. (Bonsdorff, Pogg ♦ 17, 130 ) 

Anhydrous. 

BaCl 101 0 27 75 

2HgCl 270 8 72 25 

BaCl,21IgCl 371 8 100 00 





Bonscloi ft* 


Crysialh zed. 

Rays' 

Tables 

BaCl 

10 l 0 

20 48 

29 19 

28 07 

2HgCi . 

270 8 

08 94 

Cl 71 

05 73 

2HQ 

18 0 

4 58 

5 77 . 

5 GO 

EdCl,2HgCl+2Aq 

392 8 a .. 

. 100 00 

100*00 

100 00 


Mercury and Strontium. 

A. Strontium-amalgam —1 . Prepared by the galvanic piocess. 
(I, 458, III, 167 ) H. Da\y.—2 By the same piocess as for barium- 
amalgam (2); but the strontium-amalgam must be speedily iemovcd from 
the solution of chloiide of strontium, inasmuch as it decomposes m three 
minutes when immersed in that liquid It is somewhat viscid. When 
exposed to the air for 6 to 10 hours, it is completely resolved into 
meicury and caibonate of stiontia When nnmeised m water, it yields 
hydrogen gas and strontia-w r atcr. (Bottger.) 
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B Hyposulphite of Mercuric Oxide and Stron riA. —Similar to 
tHe hyposulphite of mercuric oxide and baryta. (Rammelsbeig ) 

C. Iodide of Mercury and Strontium —Strictly analogous to 
iodide of mercury and baiium. (Boullay.) Yellowish crystals, which 
may be obtained by dissolving iodide of mercuiy m stiontia-water. 
(Berthemot) 

D. Bromide of Mercury and Strontium.— a . Mono - acid .— 
Crystals soluble m all proportions in water. 

I. Bi-acid —1 At. bromide of strontium dissolved in twice its weight 
of water takes up at 50°, 3 At of iodide of mercury. The solution, on 
cooling, deposits 1 At of bromide of mercury, and when poured off fiom 
this deposit and evapoiated, yields small crystals, containing 2 At. 
bromide of mercuiy and 1 At. biomide of stiontium When this com¬ 
pound is digested m water, bromide of mercury remains undissolved, and 
the liquid takes up the salt a. (Lowig, Mag. Pharm . 33, 7.) 

E. Chloride of Mercury and Strontium.— Needles, permanent in 
the air, and easily soluble in water. 


Mercury and Calcium. 

A Calcium-amalg vm —Piepared from hvdrate of lime by the 
galvanic method (I, 458, III, 181). Liquid When exposed to the air, 
it becomes covered with a black film, consisting of lime and mercuious 
oxide [finely divided mercuiy'*] Under water, it is resolved into 
mercury, lime-water, aucl hydrogen gas. Does not amalgamate iron. 
(Bei zelius & Pun tin )—2 By immersing potassium or sodium-amalgam 
m a stiong solution of chloride of calcium (Klauer, Ann Pharm 10, 89.) 

B Mercurate of Lime —Formed by boiling mercuric oxide with 
lime and water, then straining and evaporating Yellow, transparent 
crystals. (Berthollet, Ann . CJam. 1, 61.) 

C Hyposulphite of Mercuric Oxide and Lime. —Analogous to 
the hyposulphite of mercunc oxide and baryta. (Rammelsberg ) 

D Iodide of Mercury and Calcium —Aqueous iodide of calcium, 
saturated at a high temperature with iodide of mercury, deposits pait of 
that substance on cooling, the lemaming liquid, when evapoiated, yields 
cxystals, probably containing 2 At iodide of mercuiy with 1 At iodide 
of calcium, from these, water separates iodide of mercury, and foims a 
solution, winch leaves a yellow mass on evaporation. (P. Boullay) By 
boiling iodide of mercuiy with lime and alcohol, yellowish needles are 
obtained (Berthemot ) 

E. Bromide of Mercury and Calcium. —Aqueous bromide of 
calcium saturated with bromide of mercury, and then evaporated, yields, 
first (a), tetrahedrons and octohedrons, which have a stiong lustre, are 
permanent m the air, decompose when treated with a small quantity of 
water, hut dissolve completely on the application of heat, and crystallize 
out again on cooling, secondly, on further evaporation (b) 9 pusms or 
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needles., which deliquesce very rapidly even in dry air, and undoubtedly 
contain a smaller quantity of bromide of mercuiy. 

F Chloride of Mercury and Calcium — a. Bi-acicl —A saturated 
aqueous solution of chloride of calcium, satuiated m the cold with corro¬ 
sive sublimate, yields a heavy, oily liquid, which, when evaporated by 
heat or over sulphuric acid, first yields crystals of the salt b , then, on 
cooling, needles of salt a , which, by solution in v r ater and evaporation at 
80°, aie converted into finer ciystals Large lhombic tables, whose 
lateral dihedral angles are equal to f 110° and 70°, frequently, also, flat¬ 
tened, six-sided prisms. They effloresce when dried over sulphuric acid; 
hut deliquesce rapidly m the open an. According to an approximate 
analysis, they contain CaCl,2HgCl-f- 6Aq 

b. Penta-acid. — 1 . The salt which crystallizes out first in tetrahedrons 
and octohedrons.—2 A chloride of calcium solution, not completely satu¬ 
rated with corrosive sublimate, yields, when slowly evaporated at a 
gentle heat m a dry winter atmosphere, large crystals with a great 
number of faces, one of the veitical angles of which is equal to 125°, and 
probably belongs to a cubo-octohedron —The crystals are transparent, with 
a strong lustre, and toleiably peimanent m the air In water they turn 
white and decompose, the water principally dissolving out chlonde of 
calcium, but, on the application of heat, the corrosive sublimate likewise 
dissolves, and the solution, on cooling, first yields crystals of corrosive 
sublimate, and then of the salt b , whilst a deliquescent salt remains m 
solution (Bonsdorff) 

AnTiydrovs 

CaCl 55 4 7 56 

5HgCl _677 0 92 44 

CaCl,5HgCl 732 4 100~0b~ 

Bonsdoiff 


CaCl ... . 

Crystallized. 

Cl) 

(2) 

55 4 

6 89 

6 42 

6 65 

5HgCl 

677 0 

84*16 

85 56 

85 23 

8HO 

72 0 

8 95 

8 02 

8 12 

CaCl,5HgCl + 8Aq 

804 4 

100 00 

100 00 

100 00 


Gay-Lussac & Thenard did not succeed, even with the voltaic battery of the Poly¬ 
technic School at Paris, m forming any compound of meicuiy with an earth-metal. 


Mercury and Magnesium. 

A. Magnesium-am a lg am. — 1 . Magnesium combines with mercury 
only when heated, and foims a solid amalgam, even with large quantities 
of the latter. (Bussy.)—:2 By the gabanic method. (Ill 222, 3 and 4 ) 
—3. By covenng potassium or sodium-amalgam with solution of sulphate 
of magnesia (Klauer, Ann. Pharm 10, 89 )—The amalgam obtained by 
(2), oxidizes slowly in pure water, quickly in acidulated water. (H. 
Davy.) 

B Iodide of Mercury and Magnesium.— Aqueous iodide of mag¬ 
nesium, saturated at a high temperatuie with iodide of mercury, deposits 
a portion of it on cooling, and the xemaining liquid yields greenish 
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needles, probably composed of MgI,2HgI; these crystals, when digested 
in water, yield iodide of mercury, and a solution, which probably contains 
MgI,HgI. (Boullay) 

C. Bromide of Mercury and Magnesium. —The solution of bromide 
of mercury m aqueous bromide of magnesium yields, when evaporated 
over sulphuric acid, first, broad laminae, permanent m the air [MgBr, 
2HgBr' 2 ], and afterwards, very deliquescent cxytals [MgBr,HgBr *]. 
(Bonsdorff.) 

D Chloride of Mercury and Magnesium —Aqueous hydrochlorate 
of magnesia, of specific gravity 1 58, dissolves, especially when gently 
heated, a large quantity of coirosive sublimate, and forms an oily solu¬ 
tion, of specific gravity 2 S3, which, when cooled, yields a large quantity 
of needles, and on evaporation, greyish-white, deliquescent ciusts. 
(J, Davy )—A solution of hydrochlorate of magnesia satuiated with corro¬ 
sive sublimate, yields, on gentle evaporation, fiist, laminated crystals of 
the salt 6, and then, when poured off from the latter and evaporated over 
sulphuric acid, rhombic crystals of salt a. 
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C> ystalhzed. 

Bonsdorff. 

MgCl 

47 4 

25 93 

MgCl 

47 4 

20 02 

20 33 

HgCl 

135 4 

74 07 

HgCl 

135 4 

57 17 

57 77 



6HO 

54 0 

22 81 

21 90 

MgCl,HgCl 

182 8 

100 00 

+ 6Aq 

236 8 

100 00 

100 00 


b. Ter-acid .—Rhombic laminae, which, when stmck, split into very 
oblique rhombs, like gypsum, by veiy slow evaporation, the salt is 
obtained m large prisms with numeious faces, similar to the crystals of 
Glauber s salt. The salt is peimanent in the air, not undergoing any 
alteration even at 60° or 70°. When immersed in water, it becomes 
milky at the first instant, but afteiwards dissolves completely, fomnng a 
solution which, when left to spontaneous evaporation, yields the same 
crystals again. (Bonsdorff, Fogg . 17, 133.) 


Anhydrous. Cnjstallized. Bonsdorff. 


MgCl 

3 HgCl 

47*4 

406*2 

. 10 45 

89 55 

MgCl . 

3 HgCl 
5HO 

47 4 
406 2 

43 0 

9 51 
81*47 

9 02 

9 65 

. 81 08 

9 27 

MgCl,3HgCi 

453 6 

100 00 

+ 5Aq 

498 6 

100 00 

100 00 


Mercury and Cerium 

Chloride of Mercury and Cerium. —Cubes permanent m the air. 
(Bonsdoiff ) 

Mercury and Yttrium. 

Chloride of Mercury and Yttrium. —Cubes which appear to be 
deliquescent, (Bonsdorff) 

Mercury and Glucinum. 

Chloride of Mercury and Glucinum. — Right rhombic prisms. 
(Bonsdorff ) 
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Mercury and Aluminum. 

Aluminum-amalgam —Potassium-amalgam introduced into a hole 
Bored m a ciystal of alum, immediately acquires a rotatory motion winch 
lasts for half an hour, at the same time, it takes up a considerable 
quantity of aluminum and becomes more viscid. (Klauer.) 


Mercury and Zirconium. 

Zirconium-amalgam —When potassium-amalgam, connected with 
the negative pole of a voltaic battery, is placed m contact with zirconia 
slightly moistened and connected with the positive pole, it acquires the 
property of depositing, on immersion in water, a white powder, which 
exhibits the characters of zirconia. (H Davy ) 

Mercury and Silicium 

A. Silicate of Mercurous Oxide, or Mercurous Silicate.— 
Quadrosilicate of soda gives a white precipitate with meicurous nitrate.— 
It does not precipitate a solution of conosive sublimate, hut the mixed 
solutions yield very small, dark crystals on evaporation, or even without 
evaporation if tliey are concentrated. (Walcker ) 

B. Mercurous Silicofluoride —Hg 2 F,SiF 3 .—Formed by digesting 
mercurous oxide, recently pieeipitated and still moist, with hydiofluo- 
silicic acid, which gives it a pale yellow colour, part of the acid com¬ 
pound dissolves in the liquid, and separates in small crystals on evapora¬ 
tion. The salt has a faint metallic taste, dissolves spaungly m pure 
water, more freely in acidulated water, it is precipitated by hydrochloric 
acid (Beizelius.) 

C. Mercuric Silicofluoride —HgF,SiF 2 —By dissolving mercuiic 
oxide m liydiofluosilicic acid and evaporating—Small needles, of a very 
pale yellow colour —These crystals, when subjected to distillation, yield 
gaseous fluoride of silicium, wlieieupon the protofluoride of mercury, 
more or less decomposed m the marmer already mentioned, volatilizes. 
In contact with water, the crystals aie resolved into an acid, solution and 
a basic salt 3 which is blackened by ammonia, and afteiwards restored to a 
lighter coloui by water. They dissolve completely m acidulated water, 
forming an acid solution, which, by spontaneous evaporation, can be 
brought only to a syrupy consistence, and does not yield crystals till 
evaporated by heat. (Berzelius, Fogg. 1, 200.) 

Mercury and Tungsten. 

A. Tungstate of Mercurous Oxide —Mercurous nitrate forms, 
with tungstate of soda, a yellow precipitate, tasteless at flist, but after¬ 
wards exhibiting a faint metallic taste; it is insoluble in water, turns 
deep yellow when dried at a strong beat, and yields gieemsh-yellow 
tungstic acid w r hen ignited (Anthon )—As this salt is insoluble m water, 
it serves for the quantitatne estimation of tungstic acid united with 
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alkalis. The alkali, which perhaps is somewhat in excess, is saturated 
with nitric acul, till the tungstic acid begins to fall down, the solution is 
then mixed with mercuious nitrate, a little ammonia added for greater 
security, and the pi capitate washed and ignited (Beizehus ) 

Anthon. 

Hg 2 0 . 208 . 63 41 .. 63 

WO 3 120 36 50 37 

Hg-'0,\YO V 328 100 00 100 

B. Tungstate op Mercuric Oxide, or Mercuric Tungstate — 
a Se^quibasic —By precipitating a boiling solution of conosive sublimate 
with less than an equivalent quantity of monotungstate of soda Heavy 
white powder, having a famt metallic taste Boiling soda-ley converts it 
into led oxide of meicuiy It is mboluble in watei Tungstate of soda 
m excess foims, with solution of conosive sublimate, not a white, but a 
yellow, led, or black precipitate, oi all tlnee together, m the latter case, 
they may be sepaiated by levigation. The black precipitate, which 
is produced by a laige excess of tungstate of soda at a boiling heat, 
appears to consist of oxychloride of meicury (Anthon ) 

b. Sesqui-acid —Formed, when a solution of mercuric nitrate, rendered 
as neutral as possible, is precipitated by monotungstate of soda —White 
powder, insoluble m water. Leaves tungbtic acid when ignited (Anthon, 
Ee-pert. 76, 849 ) 


2HgO 

2 WO 3 

a 

324 

240 

57 45 

42*55 

Anthon 
56 0 

43 7 

3HgO,2\YQ 3 

564 

100 00 

99 7 


b. 


Anthon 

2HgO 

216 

37 5 

38 

3 WO 3 

360 

62 5 

63 

2Hg0,3W0 3 

576 

100 0 

101 


C. Mercurous Sulphotungstate —Hg 2 S,WS 3 —Black precipitate* 
(Berzelius ) 

D Mercuric Sulpiiqtungstate. — HgS,WS 3 .—When solutions of 
coirosive sublimate and sulphotungstate of potassium aie mixed in equi¬ 
valent propoitions, oiange-yelluw flakes aie produced, which turn yel¬ 
lowish biown on diving, yield a deep led powdei, and acqune lustie 
under the burniblnmr steel The salt, when ignited, yields sulphur, 
cinnabar, and a residue of bisulphide of tungsten If the solution of 
corrosive sublimate is in excess, a piecipitate is obtained, which soon 
turns white, excess of sulphotungstate of potassium produces a black 
precipitate. If the solution of conosive sublimate be piecipitated by the 
compound of sulphotungstate of potassium with tungstate of potash 
(III. 46), the piecipitate has the same yellow colour as the pure salt, but 
takes no polish under the burnisher, and gives off a large quantity of 
sulphurous acid when ignited. (Berzelius ) 

E, Tungstate of Mercuric Oxide and Ammonia —Bitungstate 
of ammonia mixed with a solution of mercuric nitiate rendeied as neutral 
as possible, forms a heavy white precipitate This precipitate, after 
being dried at 100°, gives off more water and ammonia, at tempeiatures 
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between 200° and 500°, and leaves a mixture of mercuric tungstate and 
free tungstic acid, for the residue renders water milky, an effect produced 
only by free tungstic acid. Tbe salt is decomposed by acids and alkalis, 
and does not dissolve in water. (Antbon.) 


Approximate Calculation AntTion. 


HgO 

108 

28 20 


28 5 

2 WO 3 

240 

62 66 


62 4 

NH 3 

17 

4 44 

I 

8 9 

2HO 

18 

4 70 


383 

. 100 00 

M , 

99*8 


Mercury and Molybdenum. 

A. Molybdate op Mercurous Oxide, or Mercurous Molybdate 

•—Molybdate of potasb added to a solution of mercury m nitric acid forms 
a white precipitate (yellow, according to Berzelius), soluble m 500 or 000 
parts of water, and decomposed by nitric acid. (Hatchett ) A solution 
of corrosive sublimate is not precipitated by molybdic acid (Scbeele ) 

B. Mercurous Sulphomolybdate— Hg 2 S,MoS 3 —Mercurous mtiate 
forms with sulphomolybdate of potassium dissolved m water, a black- 
brown precipitate, which, when ignited, is resolved into cinnabar, which 
distils over, and a residue of bisulphide of molybdenum. (Berzelius.) 

C. Mercuric Sulphomolybdate —HgS,MoS 3 —Formed by precipi¬ 
tating a solution of corrosive sublimate with an alkaline sulphomolybdate. 
Light brown precipitate, which is not altered by an excess cf the potas¬ 
sium-compound, is soon decomposed and turned white by excess of acid, 
whilst the liquid acquires a blue colour The precipitate, w T hen dry, 
yields a dark biown powder, and, when subjected to distillation, gives off, 
first sulphur, then cinnabar, and leaves bisulphide of molybdenum. (Bei- 
zelius, Pogg 7, 277.) 

I) Mercurous Persulphomolybdate. ■—Hg 2 S,MoS 4 .— Bed brown 
precipitate (Beizebus.) 

E. Mercuric Persulphomolybdate —HgS, MoS 4 .—Red precipitate. 
(Berzelius.) 


Mercury and Vanadium. 

A Vanadite op Mercuric Oxide, or Mercuric Vanadite — 
Ammonia added to a mixture of corrosive sublimate and a salt of vanadic 
oxide, throws down a mixture of meicurie vanadite and white precipitate, 
which, when heated to redness, leaves vanadic oxide, with a small quan¬ 
tity of mercuric oxide; from this precipitate, the vanadic oxide may be 
precipitated by carbonate of ammonia. This is the most accurate method 
of precipitating vanadium from its solutions, and determining it quantita¬ 
tively. (Berzelius, LehrhS) 

B. Vanadiate of Mercurous Oxide, or Mercurous Vanadiate — 
a. Mono-acid ,—Mercurous nitrate forms with monovanadiate of ammonia 
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a milky liquid of a dark yellow colour, which, after a while, deposits a 
small quantity of solid matter, and is converted into a clear, deep yellow 
solution.— b Bivanadiate .—Bivanadiate of ammonia added to a solution 
of mercury, immediately throws down an orange-yellow piecipitatc. 
(Berzelius.) 

C. Vanadiate of Mercuric Oxide, or Mercuric Vanadiate — 
a. Monovanadiate —A lemon-yellow precipitate is formed by double de¬ 
composition, but the liquid remains yellow, inasmuch as the salt is 
slightly soluble in water. It fuses and crystallizes on cooling, is but 
imperfectly decomposed by ignition, a large proportion of mercuric oxide 
still remaining with it, but when it is ignited with carbonate of soda, the 
whole of the mercury is given off— b. Bivanadiate —Yellow, soluble in 
water, and not precipitated from the solution by alcohol. (Berzelius ) 


Mercury and Chromium. 

A. Chromate of Mercurous Oxide, or Mercurous Chromate — 
a. Basic. —Foimed by precipitating mercurous nitrate with chromate of 
potash. (IV. 144) The presence of nitrous acid prevents the precipita¬ 
tion by converting the chromic acid into chiomic oxide If an excess of 
nitric acid is present, part of the chromic acid likewise acts upon the 
mercurous oxide in such a manner as to form mercuric oxide and nitrate 
of chromic oxide, the liquid acquiring an amethyst colour, on further 
addition of mercurous nitrate, howevei, the whole of the chromium is 
precipitated m the form of mercuious chromate. (Vauquelm, Marx, Sclav. 
66,107) 

Bright red powder, exhibiting a colour intermediate between buck-red 
and scarlet. Turns black when exposed to light. At a red heat, it is 
resolved into oxygen gas, vapour of mercury, and chromic oxide (Vau- 
quelin, Godon de St Menin, A . Gelil. 5, 598.) Ammonia converts it into 
a black powder, which, together with the mercurous oxide, contains about 
half the chromium in the form of chromic oxide. Hydrochloric acid 
resolves it into calomel and chromic acid. It is slightly soluble m nitric 
acid. (Hayes ) It dissolves very sparingly in cold water, more freely m 
boiling water, partly in the form of mercuric salt. (H Rose, Bogg 53, 124 ) 
It is slightly soluble m aqueous hydrochloiate and nitrate of ammonia. 
(Brett) 





Godon 

Gm 

16Hg . ... 

. 1600 . 

80 97 

80 0 

. 79*86 

80 

64 . 

3 24 

\ 

6*51 

90 

72 

3*64 

i 

3Cr 2 0 3 

240 

12 15 

12 6 

12 32 

4Hg 2 0,3CiO 3 

1976 

100 00 


98 69 


In both analyses, the salt was decomposed by distillation; in Gmelin’s 
analysis, the oxygen was determined by measure, the loss arose from 
small quantities of water and nitric acid. 

H b. Neutral. —The precipitate a , when boiled with nitric acid, is 
converted into a crystalline powder, which is the neutral chromate. The 
same compound is also formed when corrosive sublimate or mercuric 
nitrate is added to a solution of the compound of chromate of potash with 
cyanide of mercury, 2(KO,Cr0 3 ) + 3HgCy, a small quantity of nitric 
acid being added, just sufficient to dissolve the precipitate, and the solu- 

VOL. VI. 


i 
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tion heated almost to tlie boiling point; the salt then separates, on cooling, 
in the form of a fine red crystalline powdei The whole of the mercury 
in this salt is precipitated, by hydrochloric acid from its solution m nitric 
acid Ammonia and potash form black precipitates with it. 

Daiby 

Hg : 0 208*0 80 0 

CiO 3 52*0 20 0 . 19 1 to 19 5 

_____ __ __ — ' 

(Darby, Chem Soc. Qu. J I., 24 ) IF 

B. Chromate op Mercuric Oxide, or Mercuric Chromate.— 
Monochromate of potash forms with mercuric nitrate and corrosive sub¬ 
limate (not with biomide of mercury, according to Caillot), a precipitate 
having the colour of the basic mercurous salt, and the liquid takes up 
bickiomate of potash It dissolves m excess of the nitrate and hydro¬ 
chlorate of meicurie oxide, most easily m the latter, foimmg a yellow 
solution. (Gra ) 

C Bichromate of Ammonia wira Protociiloride of Mer¬ 
cury —When equivalent quantities of bichromate of ammonia and corro¬ 
sive sublimate are dissolved m water and the liquid evaporated, deep led 
crystals are obtained, having the following composition. (Darby ) 

Darby. 

NH 3 17*0 6 63 

2Cr0 3 104 0 40 56 40*4 to 40 8 

HgCl 135*4 52 81 

NH 3 ,2Cr0 3 + HgCl ’ 256 4 100 00 

Messrs. Richmond and Abel, who have lately examined this salt, 
{Chem Soc Qu J. 3, 202), find that it contains, not NH 3 ,2Cr0 3 but 
NH 4 0,2Cr0 3 , and that its composition vanes according to tbe strength of 
the solution from which it crystallizes. About equal weights of biclno- 
mate of ammonia (NH 4 0,2Ci0 3 ) and corrosive sublimate weie dissolved 
together in a rather large quantity of watei, and the solution allowed to 
cool, whereupon a portion of the piotochlonde of mercury separated out 
and was removed The solution was then evaporated down just suffi¬ 
ciently to cause the formation of a few crystals on cooling. These 
crystals were beautiful, large, six-sided prisms, of a splendid led colour; 
they were diied on blotting paper, and afterwards in vacuo over sulphuric 
acid. On further evaporation, the liquid yielded a second crop of crystals, 
having the same appearance as the first, and the mother-liquor, when still 
further evaporated, yielded more crystals, much resembling the former, 
but rather more inclined to the needle shape The product of the fiist 
and second crystallizations gave, on analysis, results agreeing with the 
formula, KH 4 0,2Cr0 3 + HgCl + Aq.; that of the thiid, 3(NH 4 0,2Cr0 3 ), 



Isif and 2nd Crystallizations. 

Richmond & Abel 

2Cr0 3 

104 0 

. 37 96 

37 9 to 38 19 

% 

100*0 

36 39 

96 2 >3 36 49 

Cl 

35 5 

12 92 


N , . . 

. 14*0 

5*09 


5H 

5 0 

1 82 

1 S3 „ 1 87 

20 (as water) 

16*0 

5 82 


NH 4 0,2Cr0 3 + HgCl + Aq 

274 5 

100*00 
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3 rd Crystallization . 

Richmond & Abel, 

6 Ci O 3 

312 0 

59 44 

59 43 to 59 52 

Hg 

100 0 

18 99 

18*90 ,, 18 91 

3NH 3 

51 0 

9*69 


3H.Q . 

27 0 

5 13 


Cl 

35 5 

6 75 


3(NH 4 0,2Ci0 3 ) + HgCl 

525 5 

. 100 00 



Mr. Darby’s salt appears to have contained an excess of corrosive 
sublimate. 


D. Monochromate of Potash with Protochloride of Mercury. 
—1. When a solution of monochromate of potash is mixed with corrosive 
sublimate, a brick-red precipitate is formed, consisting of mercuric chro¬ 
mate, B, and on evaporating the solution filteied fiom that precipitate, 
small crystals are formed, of a pale red coloui, which readily dissolve m 
water, yielding a yellow solution.—2. The same salt is also fonned on 
mixing equivalent quantities of chi ornate of potash and chlonde of mer¬ 
cury, or 2 equivalents of the former to 1 equivalent of the latter, and 
adding just sufficient hydrochloric acid to dissolve the piecipitate formed 
on mixing the solutions. (Darby.) 

Darby 


KO 

47 2 

12 76 

13 3 

12 1 

CrO 3 

52 0 

14 05 

13 3 

13 4 

2Hg 

200 0 

54 05 


51 2 

2C1 

70 8 

19 14 

21 3 

21 1 

KOjCrO 3 + 2HgCl 

370 0 

100 00 


97 8 


E. Bichromate of Potash with Protochloride of Mercury.— 
On evaporating a solution containing equivalent quantities of bichi ornate 
of potash and corrosive sublimate, this double salt is obtained in beautiful 
red-pointed crystals, which are anhydrous (Daiby.) 


KO ... 

47 2 

16 48 

Darby. 

2 CrO 3 

104 0 

36 28 

34 55 

Hg , . 

100*0 

34 89 

36 60 

Cl 

35 4 

12 35 

14 80 

K0,2Cr0 3 + HgCl 

286 6 

100 00 



The excess of chlorine is accounted for by a poition of the chromic 
acid being precipitated, and not entirely re-dissolved even by hot nitric 
acid. (Darby) IT 


Mercury and Manganese. 

A. Manganese-amalgam. —Sodium-amalgam, immersed in a strong 
solution of chloride of manganese, evolves hydrogen gas, takes up a con¬ 
siderable quantity of manganese, and is converted into a viscid mass, 
having an uneven, blackish surface. When freed from the watery liquid 
by piessure between bibulous paper, and then heated m the air, it assumes 
a succession of tints like steel; gives off mercury, and is converted into 
a stiff paste; and finally leaves a residue of brown manganoso-manganic 
oxide. The amalgam, when immersed in water, liberates bubbles of 
hydrogen gas,—more rapidly in acidulated water; if it he then touched 
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with a platinum wire, tlie evolution of gas becomes violent. (Bottger, 
J. pr. Ghem. 12, 350 ) In a strong solution of manganous sulphate, 
sodium amalgam causes an evolution of hydrogen gas, and separates 
manganous oxide (Bottger, J. pr Ghem. 3 283 ) 

Permanganate of potash gives no precipitate with solution of couosive sublimate. 
(Fromhery.) 

B Bromide of Mercury and Manganese. —Light red prisms, which 
soon become moist, even m tolerably dry air. (Bonsdorff ) 

C. CnLORiDE of Mercury and Manganese. —Aqueous chloride of 
manganese, saturated with corrosive sublimate, and evaporated over 
sulphuric acid m a chamber containing air, deposits conosive sublimate 
at first, and afterwards yields large, transpaient, light red, right rhombic 
prisms Fig, 65, without the i-face, % . i/=86§° to 70°, u 1 . u about = 
114°, also prisms with 6, 8, and 10 sides [perliaps Fig. 74^] The crys¬ 
tals effloresce m the evaporating chamber, but are permanent in tolerably 
dry air, and deliquesce rapidly m moist air (Bonsdoiff) 



Anhydi ous. 


Ci lystalhzed 

Bonsdoiff. 

MnCl 

63 4 

31 89 

MnCl 

63 4 

27 00 

26 15 

HgCl 

135 4 

GS 11 

HgCl 

4HO 

135 4 

36 0 

57 67 

15 33 

57 60 

16 25 

MnCl,HgCl.. 

19S 8 

100 00 

+ 4Aq 

234 8 

100 00 

. 100 00 


Mercury and Arsenic. 

A. Amalgam of Arsenic. —When pounded arsenic is heated over a 
fire with mercury, and the mixture stirred, a grey compound is obtained, 
containing 5 pts. mercury and 1 pt. arsenic (Beiyman.)—Dranty 
(J. Ghim. med. 12, 650) sublimes m a tube an intimate mixture of mer¬ 
curic oxide, arsemous acid, and charcoal According to Lassaigne, how¬ 
ever ( ibid ), this process does not yield the amalgam, but a mixture 
of mercury, metallic arsenic, and arsemous acid —Sodium-amalgam, 
placed in contact with moistened arsemous acid, becomes heated imme¬ 
diately, and separates aisenic in the fonn of a black-biown film, hut does 
not take any of it up, (Bottger ) 

B. Arsenite of Mercurous Oxide, or Mercurous Arsenite.— 
Aqueous arsenious acid and aisenite of potash yield, with mercurous 
nitrate, a white precipitate, soluble in nitric acid.—If the arsenite of 
potash has been obtained by decomposing arsenite of baryta with sulphate 
of potash, it forms, with mercurous nitrate, a permanent white precipi¬ 
tate, but aqueous potash, saturated at a boiling heat with arsenious acid, 
and fieed from an excess of that substance by cooling, yields a white 
precipitate, which soon turns grey, and blackens on the application of 
heat. (Simon, Fogg . -10, 442.)—Can the arsenite of potash prepared by 
the latter process also contain carbonate 2—The same salt is obtained by 
digesting mercury with arsenious acid (Berzelius ) 

C Arsenite of Mercuric Oxide, or Mercuric Arsenite —Arseni¬ 
ous acid, added to mercuric nitrate, throws down a white powder which 
dissolves in arsenite of potash, forming a brownish solution, and likewise 
in nitric acid. 
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D Arseniate of Mercurous Oxide, or Mercurous Arseniate — 
a. Bihasic —Mercuions nitrate, dropped into a concentrated solution of 
arsenic-acid, forms a white precipitate, which at first re-dissolves m the 
excess of arsenic acid, but becomes permanent on the addition of a larger 
quantity of the mercurial solution. It lemains white during washing, 
but becomes red when dry —2 When arsenic acid or arseniate of soda is 
added to the mercurous solution, a white compound of mercurous arseniate 
with mercurous nitrate, is first precipitated, but it soon turns yellow, 
then red, and ultimately assumes the purple-red tint of pure mercurous 
arseniate, the change being greatly accelerated by heat —When the salt 
prepaied according to (1) or (2), is dissolved m warm nitric acid, and the 
acid giadually neutialized with ammonia, a black precipitate is produced, 
which turns red when continuously heated (Simon.) 

Sometimes brown-ied, sometimes purple-red, composed of fine needles. 
When dried at 100°, and afterwaids more strongly heated, it evolves a 
small quantity of water of crystallization, afterwaids gives off mercury, 
and leaves yellow mercunc arseniate, which, at a higher temperature, is 
resolved into mercury, arsenious acid, and oxygen gas With cold con¬ 
centrated hydrochloric acid, it yields a solution of arsenious acid and a 
residue of calomel, which is resolved, by boiling, into mercury and soluble 
corrosive sublimate. The salt is converted into mercuric arseniate by 
boiling with nitric acid, but dissolves unchanged in that acid when cold, 
and is precipitated from the solution by ammonia. Dissolves very 
sparingly m aqueous nitrate of ammonia, from which it separates on 
evaporation, with a fine led colour and ciystallme structure. Quite 
insoluble m water, acetic acid, and ammonia (Simon, Fogg 41, 424.) 

Anhychous . Simon. Crystallized Simon. 

2Hg 2 0 . 416 78 34 80 1 2Hg"0 416 75 77 77 25 

AsO 5 115 21 66 19 9 AbO> 115 20*95 . 19*20 

2HO 18 3 28 

2Hg-0,As0 5 .. 531 100*00 100 0 +2Aq. 549 100 00 ~" ~ 

h . Monobasic —Formed by boiling mercuiic oxide, or salt a, to dry¬ 
ness, with aqueous arsenic acid, triturating the white mass when cold with 
water, washing the powder, and drying it in the water-bath, by which 
the whole of the water is expelled —White, not crystalline.—At a red 
heat, it gives off meicury, and is converted into mercuric arseniate, which 
then undergoes further decomposition. By caieful addition of potash, it 
is converted into salt a. With hydrochloric acid, and with boiling nitric 
acid, it behaves like the salt a Dissolves less abundantly than the latter 
in cold nitric acid, and on the application of heat and the giadual addition 
of ammonia, it is precipitated fiom the solution m the form of the salt a. 
Insoluble m watei, acetic acid, and alcohol. (Simon.) 





Simon. 

Hg-0 

208 

64*4 

62 66 

AsO 0 

115 

35 6 

37 34 

Hg 2 0,As0 5 

323 

100 0 

.. 100 00 


E. Arseniate of Mercuric Oxide, or Mercuric Arseniate.— 
Arsenic acid forms with mercuric nitrate, and arseniate of soda forms 
with solution of corrosive sublimate, a yellow precipitate, soluble m 
arsenic acid and in nitric acid. Yellow mercuric arseniate is also 
obtained by heating mercury with dry arsenic acid, the action being 
attended with evolution of arsenious acid. (Bergman.) 
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F. Mercurous Sulpha rsenite —2Hg 2 S,AsS 3 —Formed by pre¬ 
cipitating mercurous nitrate with a sat mated solution of orpiment in 
aqueous sulphide of sodium. Black precipitate. When heated, it 
deciepitates violently, gives off mercury, and then sublimes m the form 
of G-, a. (Berzelius.) 

G. Mercuric Sulpharsenite. — a Bibasic. —2HgS,AsS 3 .—Formed 
by the sublimation of F. Bark coloured, nearly black; shining, opaque; 
forms a dark red powder. (Berzelius.) 

h Monobasic. —HgS,AsS 3 .'—Formed by precipitating corrosive sub¬ 
limate. The solution of corrosive sublimate must not be m excess, 
otherwise it will decompose the precipitate, and turn it white Orange- 
yellow flakes, which become daik brown and deep yellow after drying. 
When heated, it fuses and sublimes without decomposition, forming a 
translucent yellowish mass, having the metallic lustre and a grey colour 
on the oblique fracture, and likewise yielding a yellow powder. 
(Berzelius, Pogg. 7, 149 ) 

H. Mercurous Sulpharseniate —2Hg 2 S,AsS 5 —Formed by pre¬ 
cipitating a mercurous salt. The black piecipitate, when heated, gives 
off meicury with violent decrepitation, and then sublimes m the form of 
the salt I 

I Mercuric Sulpharseniate —2HgS,AsS s .—1. By sublimation of H. 
—2. Both bibasic and terbasic sulpharseniate of sodium form, with mer¬ 
curic salts, a deep yellow piecipitate, which sublimes without decom¬ 
position. The sublimate is black, shining, and yields a dingy red 
powder. (Berzelius, Pogg 7, 29.) 

K Chlorarsenide op Mercury. —a Hg 3 As,3HgCl, or As,3Hg 2 CL 
—The precipitate which arsemuretted hydrogen gas produces m a solution 
of corrosive sublimate. It must be washed with cold water, and quickly 
dried m vacuo Brownish yellow. When heated in a glass tube, it gives 
off arsenic and calomel, without evolution of gas, and forms an orange- 
white sublimate, probably consisting of the undecomposed compound. If 
kept under a large quantity of water, after being washed, it turns black, 
and is finally resolved into globules of mercury, while the water takes up 
hydrochloric acid and arsenious acid • 

HgS,As,CP + 3HO = 6Hg + As O'* + 3HC1. 

It is therefore necessary, in passing the arsenuiretted hydrogen through 
the solution of corrosive sublimate, to leave a poition of the latter unpre¬ 
cipitated , by this precaution, the precipitate is preserved irom decom¬ 
position. This compound is converted into calomel by immersion in 
slightly-warmed nitric acid. (H. Bose, Pogg. 51, 423 ) 

H. Rose, 

6Hg ... 600 0 . 76 8 . 76*80 

As . 75 0 9*6 

3C1 . 106 2 13*6 _13 13 

Hg 3 As,3HgCl 781 2 100*0 

b. H^As, 2HgCl, or As, 2Hg ! Cl—Berzelius (ScJiw. 21, 389), by 
heating arsenic with calomel, obtained a small quantity of terchloride of 
arsenic, and a brown-red, partly-trausparent sublimate, which yielded a 
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yellow powder, and contained mercury, arsenic, and chlorine.—This 
compound is formed by heating an intimate mixture of 1 pt. aisemc and 
8 pts. calomel in a flask immersed m a sand-bath, till the greater part is 
sublimed. At the bottom of the flask theie remains a hard, reddish 
yellow mass, containing globules of mercury, the sublimate consists of 
three substances, viz , a yellow or reddish yellow, hard, compact mass, of 
variable composition, on which there rest small, opaque, brown, dendritic 
crystals of the following compound c, and larger hyacinth-red crystals 
of the compound h, now under consideration. 

The reddish yellow powder of this compound blackens very slowly 
when exposed to sun-light. When heated, it partly volatilizes undecom¬ 
posed, and is partly resolved into mercury, arsenic, and terchlonde of 
aisemc. 

3(Hg 4 3 As,Cl 2 ) = 12Hg +As + 2AsCl 3 . 

Under water, especially if boiling, it is completely converted into mercury, 
arsenic, and a solution of aisemous and hydrochloric acid. 

3(Hg 4 ,As,Cl 2 ) + 6HO = 12Hg + As + 2As0 3 + 6HC1 

Corrosive sublimate heated with arsenic likewise yields a brown-red 
sublimate, but a laige quantity of ierchloiide of arsenic is likewise formed. 
(Capitame) 

Capitame. 

4Hg 400 0 73 29 68—70—71—73—75 

As 75 0 13 74 

2C1 70 8 12 97 12—14 

IIg-As,2H°Cl 545 S 100 00 ~~ 

From the vaiious results obtained m the analysis of different samples 
of this compound, Capitaiue concludes that it was mixed with variable 
quantities of the compound c. 

c, HgAs,HgCl, or As,Hg 2 Cl—Obtained as a sublimate, together 
with b, m brown, dendritic crystals. The yellow powder of this com¬ 
pound, when exposed to sunlight, even m a dry space exhausted of air, 
becomes greenish m a few seconds, afterwards darker, and finally black. 
When heated, it behaves like b, being but partially decomposed into 
mercury, aisenic, and terchlonde of arsenic. 

3(Hg 2 ,AsCl) = 6Hg+ 2As + As CP. 

It is also decomposed like b by immersion m water 

3(Hg 2 ,AsCl) + 3HO = 6Hg + 2As + AsO 3 + 3HC1 
(Capitaine, J ’. Pharm 25, 559 , also J. pr Chem . 18, 422 ) 


Capitame 


2Hg 

200 0 

64 43 

61 11 to 65*18 

As 

75 0 

24 16 

23 50 „ 22*93 

Cl 

35 4 

11*11 

11 76 „ 11*89 

HgAs„HgCl 

310 4 

100 00 

99 37 „ 100*00 


L jNTitro-arseniate of Mercurous Oxide. —1. When a solution 
of bibasic mercurous arsemate m tolerably strong nitric acid is covered 
with an equal volume of water, aqueous ammonia poured upon that, and 
the whole left to stand quietly for some time, the double salt is deposited 
m white warty masses and needles. If the liquids are mixed too 
suddenly, the product becomes mixed with a large quantity of grey 
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powder, and likewise with bibasic mercurous arseniate.—2 On gradually 
adding to a warm solution of bibasic mercurous arseniate in nitric acid— 
the liquid being agitated all tbe while—such a quantity of ammonia that 
the bibasic mercurous arseniate shall be just on the point of falling down, 
and then leaving the solution to cool, this compound is obtained m warty 
masses, but not in needles —S The compound is also obtained in the 
form of a white powder, on adding a very small quantity of arsenic acid 
to a solution of mercuious nitrate. If too much arsenic be used, the pre¬ 
cipitate turns yellow or orange. Yellowish white, warty or needle- 
shaped. Gives off nitrous acid when heated either alone or with oil of 
vitriol From its solution in nitric acid, ammonia added m proper pro¬ 
portion tkiows down bibasic mercurous arseniate (Simon, Pogg 41,424.) 



App'i oximate Calculation. 

Simon. 

3Hg 2 0 

624 

78 69 

80 24 

AsO 5 

115 . 

14 50 

13 34 

HO 5 

54 

6-81 


2Hg 2 0,As0 5 4- 

Hg-0,NG 5 793 

100 00 



Mercury and Antimony. 

A Antimonial Amalgam. —Mercury does not act upon antimony at 
ordinary temperatures, combination takes place, however, on pouring 
S paits of heated mercury on 1 pait of melted antimony, and triturating the 
two together for a few minutes The amalgam is soft, and when triturated 
for some time in the air, or when agitated with water, gives up its anti¬ 
mony in the form of a black powder. (Wallerius, Physische Chemie , 
2, 1, 84.) The amalgam may also be formed by triturating 2 parts of 
antimony in a mortar with a small quantity of hydrochloiic acid, and 
gradually diopping in 1 part of mercury, continuing the friction all the 
while. (Rudolfi, ibid So ) When sodium-amalgam is immersed in a 
saturated solution of taitar-emetic, hydrogen gas [antimoniuretted *2] is 
e\olved, having a peculiar odour, and burning with a dazzling white 
flame, and the antimony is separated m blackish grey, metallic scales, 
without uniting with the mercury. (Bottger ) 

B Antimqniate of Mercurous Oxide, or Mercurous Antt- 
moniate — Antimoniate of potash forms, with mercurous nitrate, an 
orange-yellow precipitate, insoluble m water. Hence mercurous nitrate 
may be used for the determination of antimonic acid when combined 
with alkalis, in the same manner as for tungstic acid (p. 111). (Berzelius.) 

C. Antimoniate of Mercuric Oxide, or Mercuric Antimoniate. 
—1. When 1 part of antimony is heated with 8 parts of mercuric oxide, 
the mass glows, metallic mercury distils over, and this salt is produced in 
the form of a dark olive-green powder, which sustains a moderate red 
heat without alteration, hut, when more strongly heated, is decomposed, 
yielding oxygen gas and vaponr of mercury, together with a residue of 
antimony, and afterwards of antimonions acid. This compound is scarcely 
attacked by alkalis, and by the greater number of acids, even sulphuric 
acid acting on it but slowly. The small quantity which dissolves in 
boiling hydrochloric acid is thrown down in the form of a light green 
precipitate by ammonia—2. Aqueous antimoniate of potash forms an 
orange-yellow precipitate with mercuric salts. 
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D Merourotjs Sulpiiantimoxiate —3Hg 2 S,SbS 5 .—Schlippe’s silt 
added in any proportion to mercurous salts forms a black precipitate. 
(Rammelsberg ) 


E Mercuric Sulphantimoniate —3HgS,SbS 5 .—Formed by gra¬ 
dually adding a solution of corrosive sublimate to a solution of Schlippe’s 
salt, so that the latter remains m excess. Dark orange-coloured pre¬ 
cipitate, becoming brown when dried (Rammelsberg, Pogg. 52, 229.) 

When a solution of Schlippe’b salt is piecipitated with a large excess 
of solution of corrosive sublimate, or when the precipitate E is heated 
with that solution, a white substance is formed containing (3HgS, SbS 5 ) 
-J~ SHgCl 4- 3HgO —This substance, when heated m a retort, assumes 
a dark colour, gives off sulphurous acid, then mercury and terekloride 
of antimony, and leaves black sulphide of mercury, which ultimately 
sublimes 


2[(3HgS,SbS 5 ) 4- 3HgCl+ 3HgO] = 3S0 2 + 2SbCl 3 + 5Hg+ 13HgS. 

Caustic potash immediately blackens the white compound by converting 
it into pure sulphide of mercuiy, aud taking up antimonic acid (which 
may be precipitated by nitric acid) together with chlorine. [Is not the 
sulphide of mercury mixed with red oxide ? for : 


(3HgS,SbS 5 ) + 3HgCI + 3HgO +4KO =8HgS + HgO + K0,Sb0 5 + 3KC1.] 

Simple acids act but slightly on the white compound- but aqua-regia 
dissolves it easily. (Rammelsberg ) 


9Hg 

900 0 

69 92 

Rammelsberg. 
70 22 

Sb 

129 0 

10 02 

9 60 

8S 

128 0 

9 95 

9 68 

3 Cl . 

106 2 

8 23 

8 99 

30 . 

24 0 

1 86 

1 51 


1287*2 

.. 100 00 

100 00 


Mercury and Tellurium. 

A. Tellurium-amalgam. —Tin-white and granular (Klaproth, Ber¬ 
zelius ) 

B Tellurite of Mercurous Oxide, or Mercurous Tellurite.— 
Deep yellow precipitate, which becomes brown after a while, and when 
exposed to the air, is converted into mercuric tellurite (Berzelius ) 

C. Tellurite of Mercuric Oxide, or Mercuric Tellurite.— 
This salt, when formed by double decomposition, forms with the liquid 
a white milk, from which it does not separate. (Berzelius.) 

D. Tellurate of Mercurous Oxide, or Mercurous Tellurate. 
—Finely pounded crystallized mercurous nitrate, immersed m an aqueous 
solution of monotellurate of potash, forms a dark yellowish brown preci¬ 
pitate. When a solution of mercurous nitrate is precipitated by tellurate 
of potash, the precipitate is likewise yellowish brown, but is soon turned 
pale yellow by the action of the free acid in the mercurous solution, 
being probably converted into bitellwate of mercurous oxide. 
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E. Tellurate of Mercuric Oxide ; or Mercuric Tellurate.— 
Bulky white flakes. (Berzelius ) 

F Mercurous Sulphotellurite —3Hg 2 S,TeS 2 —The dark brown 
precipitate, when heated, gives off meicury with a hissing noise, and is 
conveited into the following compound 

G. Mercuric Sulphotellurite. —3HgS,TeS 2 —Yellowish brown. 
When strongly heated, it gives off sulphur, and then sublimes in the 
form of a daik grey mixture of sulphur and tellunde of mercury, which 
yields a blackish grey powder. (Beizelius.) 


Mercury and Bismuth. 

Bismuth-amalgam —Mercury quickens bismuth even at ordinary 
temperatures, but the amalgam is more speedily formed by pouiing 
2 parts of hot mercury into 1 part of melted bismuth. The amalgam, 
which is soft at first, gradually becomes erystallo-granular Sodium- 
amalgam in contact with moist mononitiate of bismuth-oxide, or immeised 
m a solution of bismuth-nitrate, forms a compact amalgam with evolution 
of hydiogen, and sepaiation of black pulverulent bismuth (Bottger)— 
A small quantity of bismuth takes away but little of the fluidity of 
mercury, and is therefore used for adulterating that metal, according to 
Lucas, however (W. Tr. 10. 1, 195), mercuiy adulterated with only 
•g-fr U -Q part of bismuth forms a black powder when agitated m the air 
1 part of bismuth dissolved even in 1,200,000 parts of mercury may be 
detected by the addition of potassium-amalgam and watei, the bismuth 
being then raised by the galvanic action m the form of a black powder, 
and attaching itself to the sides of the vessel. (Serullas, Ann Chim . 
Phys. 34, 192 ) 


Mercury and Zinc. 

Zinc-amalgam —When zinc-filings are tntmated with mercury, at 
ordinary temperatures, combination takes place slowly, at a higher 
temperature, still somewhat under the boiling point of meicury, the 
metals combine easily, and still more readily when mercury is mixed 
with melted zinc A bar of zinc, immersed to half its length m mercury 
for ten days, becomes pointed at bottom, and covered, especially on the 
upper part of the immersed end, with six-sided tables of the amalgam. 
(Darnell.)—When zinc is placed in contact with mercury and a dilute 
acid, a galvanic action is set up (I, 348), and the zinc becomes covered 
with mercury, which then penetrates into the inteiior, and converts the 
whole of the metal into an amalgam. As soon as the zinc is com¬ 
pletely covered with mercury, the evolution of hydrogen ceases, but it 
begins again on bringing the amalgam m contact with iron, copper, 
or platinum, to which metals the mercury is then transferred (Dobe- 
remer, Schiv. 17, 238.)—Sodium-amalgam immersed m a concentrated 
solution of sulphate of zinc, forms a viscid amalgam of ziuc. (Bottger ) 

The amalgam is usually prepared by cooling melted zinc to as low 
a temperature as it will bear without solidifying, and then pouring in 
the mercury m a fine stream, keeping the liquid constantly stirred. If 
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this pi’ecaution be neglected, part of the mercury is converted into 
yapour, sometimes throwing the melted metal about. 

8 pts. zinc to 1 pt mercury * very brittle 

1 pt zinc and 4 or 5 pts. mercury form the amalgam for Higgins 
and Adams’s electrical machine, it is brittle and pulverulent. 

1 pt. zinc to 6 pts. meicury tm-white, granular, brittle, fuses at 
the boiling point of olive-oil, but does not give off mercury till raised 
to a higher temperature. At a dull led heat, it decrepitates strongly; 
at a stronger red heat, it burns with great bnlliancy It is permanent m 
dry air. Cold dilute nitric acid decomposes it readily, and leaves the 
mercury unaltered till all the zinc is dissolved Dilute sulphunc and 
hydrochloric acid act on it but slowly. Ammonia and sal-ammonmc 
also dissolve out the zinc very slowly, and form water Zinc-amalgam 
immersed m the solution of a neutral salt of chromium, uranium, man¬ 
ganese, oi iron, merely thiows down the oxide, hut from neutral solu¬ 
tions of cobalt, nickel, and copper, it piecipitates the metal, which then 
combines with the meicury (Damoni, Ann . limes . 3 JSer. 15, 41; also 
J. pr. Chem . 17, 345 ) 

From an amalgam richer in mercury, six-sided laminae containing 2 
pts. zmc and 5 mercury, separate out on cooling. The portion which 
remains liquid is a solution oi zmc in excess of mercury. 1 pt. of zmc 
dissolved m 8000 pts. of mercury may be detected by the black powder 
■which forms on the surface when the mercury is agitated m the air. 
(Lucas.) 

Zinc-amalgam immersed in caustic potash liberates pure hydrogen 
gas. (Bischof, Kastn Arch 1, 193 )—When zinc-amalgam is mimeised 
m aqueous protochlonde of iron, and a crystal of a nitrate placed upon 
it, a black spot is gradually formed on tbe amalgam, consisting of 
reduced iron, which is immediately taken up by the mercury. The 
presence of a nitrate is essential to the production of this effect, chloiates 
and other salts do not act m the same manner. (Runge, Pogg, 9, 479 ) 

IT Joule ( Chem . Gaz. 1850, 339), obtains an amalgam having the 
composition Zn z Hg by dissolving zinc in mercury, and forcing out the 
excess of mercury by very strong piessure. IT 

B. Selenide op Mercury and Zinc. —A grey mineral from Culebras 
contains about 24 pts. zmc,—19 mercury,—49 selenium,—1 5 sulphur, 
—and 6 lime (loss 0 5.) Del Rio ( Schiu . 54, 226.) 

C Iodide of Mercury and Zinc. —Aqueous iodide of zmc saturated 
with mgrcurie iodide, yields, when evaporated under a bell-jar over 
sulphuric acid, first octohedions and cubes of iodide ot mercury, then the 
double iodide, in yellow, very deliquescent prisms, some of wbicli are 
rhombic, and others hexagonal with pyramidal summits (Bonsdorff)— 
158 pts (1 At) of iodide of zmc dissolved m water, take up, when the 
liquid is heated, only 431 pts (not quite 2 At.) of mercuric iodide, the 
solution deposits part of the mercunc iodide on cooling, and a fuither 
quantity on the addition of water. (Boullay ) 

D. Bromide op Mercury and Zinc. —Prisms and tables, which are 
permanent in dry air, but deliquesce in a moist atmosphere. (Bonsdoiff.) 

E. Chloride of Mercury and Zinc. —The solution of corrosive 
sublimate m aqueous chloride of zmc deposits on evaporation, beautiful 
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crystals of corrosive sublimate, after winch, very deliquescent needles and 
tables slowly separate out. (Bonsdorff.) 


Mercury and Cadmium. 

A. Cadmium-amalgam —Combination takes place easily, even at 
ordinary temperatures. The amalgam is silver-white, crystallo-granular, 
crystallizes in octohedrons, it is hard and brittle, specifically heavier 
than mercury, and melts at 75°. When the mercury is completely satu¬ 
rated with cadmium, the alloy contains 78*26 pts. (2 At) of mercury to 
21*74 pts. (1 At ) of cadmium (Stromeyer ) Sodium-amalgam immersed 
in a concentrated solution of sulphate of cadmium, is converted into 
cadmium-amalgam. (Bottgei ) 

B Iodide op Mercury and Cadmium. —When cadmium-filings are 
triturated with moistened protiodide of mercury, the product washed out 
with water, and the filtiate evapoiated, the double iodide separates m 
small, yellowish-white, very soluble laminae. (Berthemot, J. Phcirm . 1 4, 
613) 


Mercury and Tin. 

A Tin-amalgam —The two metals unite quickly even at ordinary 
temperatures, still more quickly on pouring mercury into melted tin. A 
piece of tin, the lower end of which is immeised for four weeks in mer¬ 
cury, is penetrated through and through by the nieicury, and exhibits 
cracks ; its lower end becomes attenuated by solution of the metal, and 
the immersed part is found to be coveied with six-sided tables, some of 
which float about in the mercury. If a squaie bar of tin, whether cast 
in a square form, or hammered or filed square from a round bar, be kept 
for a few days under mercury, it splits m directions proceeding from the 
lateral edge to the opposite diagonals, theieby dividing itself into four 
triangular prisms, easily separated by a knife, at the same time, a four¬ 
sided pyramid is formed at each end of the square bar. If the piece of 
tin has any other form, cracks are produced m other dnections (Darnell, 
J. of Boy. Inst 1, 1, also Pogg 20, 260 ) Sodium-amalgam immersed 
in a concentrated solution of protocbloride of tin, yields a viscid amalgam 
of tin. (Bottger ) 

Tin-amalgam has a tm-white colour, and if the mercury be not m too 
great excess, is brittle, granular, and according to Daubenton, crystallizes 
m cubes 

Sn 2 Hg and SnHg do not fuse till heated above 100° (Regnault.) 

Sn 3 Hg has at 26° a specific gravity of 8*8218,—Sn 2 Hg 9 3185,— 
SnHg: 10 3447;—SnHg 2 : 11*3816.—1 volume of tm with 1 volume of 
mercury forms an alloy whose specific gravity at 17° is 10 4729;—1 vol. 
tin with 2 vol. mercury: 11*4646,—and 1 vol tin with 3 ^ol mercury. 
12*0257. In most cases, therefore, condensation takes place; m the 
single instance of 1 voh tm to 2 vol. mercury, however this condensation 
is scarcely perceptible. (Kupfier, Ann. Chim. Pltys 40, 293 ) 

The compound obtained by fusing 4 pts of tm with 1 pt. of mercury, 
yields, if pulverized after cooling, a kind of mosaic silver, which, when 
rubbed on the polishing-stone, acquires the metallic lustre .—The silvering 
of mirrors is likewise an amalgam of tm. 
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When oil of vitriol is heated with tin-amalgam, and the action inter¬ 
rupted at the proper time, the whole of the meicury is found to be 
attacked, while the whole of the tin remains In the metallic state. (Brault 
& Poggialc, J Pkarrn 21,140.) [Probably a misprint m the memoir; 
it is the tin which is chiefly attacked. Qm ] 

When the mercury is in veiy great excess, a liquid is obtained 
resembling mercury, and to be regarded as a solution of the amalgam in 
excess of mercury. With a smaller excess of mercury, a soft granular 
mixture is obtained, consisting of the solid amalgam and its solution m 
mercury A solution of 1 pt tin m GOOO meicury becomes covered with 
a black scum on agitation m the air (Lucas ) Potassium-amalgam 
together with water, separates tin fiom the liquid amalgam, m the same 
manner as it separates bismuth from the bismuth-amalgam (p. 122), but 
moie slowly and less distinctly. (Seralias.) 

B Stagnate of Mercurous Oxide, or Mercurous Stannate— 
Stannate of potash yields with meicurous nitrate a yellow precipitate, 
which soon turns green, and finally becomes daik-green, it is composed 
of Hg 2 0,Su0 2 -f oAq. (Moberg) 

C Stannate of Mercuric Oxide, or Mercuric Stannate.— Formed 
by precipitating mercuric nitrate—White, but changes to dark-green, 
composed of HgO,Sn0 2 -j- 6Aq. (Moberg, J . pr. Cheni. 28, 231.) 

D. Chloride of Mercury and Tin — 1 Formed by fusing 3 pts 
of tin with 1 pt of mercury, pulverizing the amalgam after cooling, and 
mixing it with 24 pts of calomel, and heating the mixture m a glass 
retoit, whose bulk is four times as great as that of the mixture (on 
account of the frothing), to about 250 3 , at which temperature the action 
takes place, accompanied by a disturbance which lasts hut for a shoit 
time. When the action is over, the retort is left to cool—then broken— 
the grey spongy mass separated from the mercury which collects below 
it—aftei wards pounded, introduced into a flat bottomed flask provided 
with a stopper—and heated in a bath of fusible metal, not above the 
boiling point of mercury, as long as white fumes continue to go off. Bi¬ 
chloride of tin then escapes, and chloride of mercury and tin sublimes, 
while protochloride of tin and metallic mercury below it remain in the 
flask To obtain the sublimed substance, the flask must be broken 
without shaking it —2 The pulverized amalgam, of 3 pts. tin and 1 pt. 
mercury is heated as above with 3 parts of corrosive sublimate, till, at 
about 220°, the mixture froths up briskly, giving ofi fumes of bichloride 
of tin, and a greyish white powder (consisting of calomel and a small 
quantity of protochlonde of tin) sublimes The brown mixture of 
calomel and protochloride of tin is then heated by itself in a retort to 
360°, whereupon bichloride of tin volatilizes (because the protochlonde 
takes chlorine from the calomel), and the white compound, mixed with 
globules of mercuiy, sublimes, while mercury remains in the retort, 
together with protochlonde of tin, still containing a small quantity of 
calomel. From this it appears that what the older chemists regarded as 
pure Butyrum Stanni , contains protochlonde of tin and likewise calomel 
in variable proportions. 

The compound forms small, dendritic crystals On the application of 
heat, part of it volatilizes undecomposed, while the rest is resolved into 
mercury, protochloride of tin, and bichloride of tin. When water is 
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poured upon tins substance, it turns grey and then black, because tbe 
protocbloride of tin separates mercury from tbe calomel, but, even after 
boiling for a short time, a small portion of calomel remains undecomposed, 
and tbe filtrate still contains a small quantity of protocbloride of tin, 
together with bichloride. (Capitame, J Pharm 25, 549, also J\ pr. Ghemi . 
18, 422.) 


Sn . 

59*0 

17 88 

Capitame. 
17 68 

2Hg 

200 0 

60*65 

61 31 

2C1 

70 8 

... 21-47 

21*09 

SnCl,Hg 2 Cl 

329 8 

100 00 

100 08 


E. Amalgam of Tin and Bismuth.— When 2 pts of tin are fused 
with 2 pts bismuth and 1 pt mercury, and tbe mixtuie pulverized after 
cooling, a Mosaic Stiver is likewise obtained. 

F. Amalgam of Tin and Zinc —1 pt zinc, 1 tin, and 2 mercury, 
form Kienmayer’s amalgam, and 2 pts zinc, 1 tm, and 3J to 6 mercury, 
form Singer’s amalgam for tbe rubbers of electrical machines Tbe tm is 
first added to the melted zinc, and then tbe mercury poured m after tbe 
liquid is sufficiently cooled. 


Mercury and Lead. 

A. Lead-amalgam. —Formed by triturating lead-filings with mercury, 
or by shaking mercury into melted lead. A bar of lead immersed for 10 
days m cold mercury, appears thoroughly penetrated by the mercury, 
though it still remains soniewhat ductile; it is also covered at the surface 
of the mercury with soft, feathery, silver-white crystals (Darnell) A 
bar of lead, bent in the form of a siphon, and dipping into mercury by 
one end, allows the mercury to flow out at the other and lower end, till 
the vessel is completely emptied If the bar is made of non-hammered 
lead, the first drop of mercury shows itself m 24 hours, but if the lead 
has been hammered, it does not appear till after 10 days The mercury 
does not pass along the bar, but thiough its pores (Henry, N Bibl . umv. 
29, 175; also Fogg. 52, 1ST.) Sodium-amalgam immersed in a solution 
of acetate of lead, is converted into lead-amalgam (Bottger.) 

Solid lead-amalgam is tin-white, crystallo-granular, pulverizable, and 
fuses at a moderate heat. The crystals contain 2 pts of lead and 3 of 
mercnry. 

1 volume of lead and 2 volumes of mercury form an amalgam which 
at 17° has a specific gravity of 12 8648, 1 vol. lead and 3 vols. meicury, 
sp gr. 13*0397, and 1 vol. lead with 4 vols. mercury, sp. gr. 13*1581; 
condensation therefore takes place (Kupfier.) 

The solid amalgam, mixed with a larger quantity of mercnry, forms a 
granular, pasty mixture of the solid and liquid amalgams, from which the 
latter may be pressed out between wash-leather; with a still largei quan¬ 
tity of mercury it forms a liquid. Both the paste and the liquid yield a 
black powder, when agitated in the air (according to Bonsdorfi, only when 
the air is moist). According to Berzelius, this powder is a mixture of a 
very small quantity of suboxide of lead with a large quantity of unaltered 
amalgam It is produced when only 1 gram of lead is dissolved in from 
12 to 16 pounds of mercury. (Lucas.) The liquid compound behaves 
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with potassium-amalgam and water, j ast like a solution of tin and mer- 
cuiy (Serullas.) Joule obtains Pb 2 Hg in the same manner as Zn 2 Hg. 
(P 125.) 

B. Selenide op Mercury and Lead —Laminar with the cleavage- 
planes of the cube, or granular and compact Sp. gr. 7*3 (from 7 804 to 
7 8765, according to H Rose) Soft. Lead-giey When heated in a 
glass tube closed at bottom, it forms a lead-grey sublimate, having the 
metallic lustre (Zmken ) When the compound is thus treated, the sele¬ 
nide of mercury evaporates with ebullition, and the selenide of lead 
remains behind (H Rose ) Heated m a glass tube, open at both ends, it 
first yields the sublimate just mentioned—then, above that, a sublimate of 
mercunc selenite, which, when heated before the blowpipe with a very 
strong and long-contmued blast, may be fused into transparent, yellow 
drops. When ignited with tin (or with caibonate of soda * H Rose), it 
yields a sublimate of mercury. Decrepitates strongly before the blowpipe, 
and when caiefully roasted, forms a deposit on the chaicoal just like sele¬ 
nide of lead (V. 139), with fluxes it likewise behaves like that compound. 
(Zmken, Fogg 3 , 277 ) Specimens from the same vein exhibit very dif¬ 
ferent piopoitions of lead and mercury, when the mineral lies close to 
Bitter spar, it contains scaiceJy any tiling but selenide of lead, but as the 
specimens lie moie remote from that formation, the quantity of selenide of 
mercury becomes greater. The two specimens on wbicb the following 
analyses were made belonged to the same vein. (H. Rose, Fogg. 3, 29?.) » 


Pb 

At. 

3 

312 

54 55 

H Rose. 

55 84 

At 

4 

416 

26 73 

PI Rose 
27*33 

Hg 

1 

100 

17 48 

16 94 

7 

700 

44 99 

44 69 

Se 

4 

160 

27 97 

24 97 

11 

440 

28 28 

27*98 

PbSe,HgSe 


572 

100 00 

97 75* 


1556 

100 00 

100 00 


* The loss is chiefly in. the selenium (H Rose ) 

The solution of iodide of lead m a hot solution of mercuric nitrate 
deposits nothing on cooling, but when evaporated, leaves a white powder, 
which is not decomposed by water, but dissolves almost completely. 
(Preuss, Ann. Fharm 29, 328.) 

C. Amalgam of Antimony and Lead. — Wetterstadt’s Marine 
Metal, recommended foi the sbeatlnng of ships 'A sample having a 
specific gravity of 11 204, contained 94*4 per cent of lead, 4 3 antimony, 
and 13 mercury, another, of specific gravity 11 053, contained a some¬ 
what larger quantity of antimony, and more than 0 75 per cent mercury, 
which appeared to be situated chiefly at the surface (J L. Jordan, J.pr. 
Cham. 10, 439 ) 

D. Amalgam of Bismuth and Lead. —Pulverized lead-amalgam 
triturated with pulverized bismuth-amalgam, unites with it and forms a 
liquid amalgam (H. Davy), the combination being attended with great 
depression of temperature (Orioli, Doberemer, I. 299.) e. g 1 pt. lead, 
1 bismuth, and 3 mercuiy (H Davy.) 

E. Amalgam of Lead and Tin. —A bar of the alloy of lead and tin, 
immersed in cold mercury, is instantly penetrated by the mercury, and 
corroded at the lower part, it likewise becomes covered at the part near 
the surface of the liquid, with six-sided tables, some of which float on the 
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top. A crystal of a salt immersed in a watery liquid, is chiefly dissolved at 
the upper part, because the solution is heavier than the liquid, in this 
case, the contrary effect is produced, because the fluid amalgam of lead 
and tin is lighter than the mercuiy. (Darnell ) 

F. Amalgam of Bismuth, Lead, and Tin — a. Rose’s fusible metal 
fused with T V pt. of mercury, liquefies at a temperature considerably 
below 100, e g. a tea-spoon made of it melts when put into a cup of tea. 
When fused m a glass tube and immediately poured out, it leaves a 
specular film behind it (Berzelius, Lehrb ) 

h Amalgam for injecting anatomical preparations: 20 pts. bismuth, 
12 lead, 7 tin, and 4 mercury, (or more exactly. 497 pts bismuth, 310 
lead, 177 tin, and 100 mercury). Silver-white, solid at ordinary tempe¬ 
ratures, becomes soft at 67 5°, melts at 77'5°, and does not solidify till 
cooled down to 60°. (Gobel, Schw. 48, 4S6 ) Another recipe: 1 pt bis¬ 
muth, 1 lead, 1 tin, and a proportionate quantity of meicury. 

c Amalgam for silvering the inside of glass globes 2 pts bismuth, 
1 lead, 1 tin, and 10 mercury. This amalgam hardens after a while. 


Mercury and Iron. 

A. Iron-amalgam —Combination between these metals is very diffi¬ 
cult, and takes place under peculiar circumstances only, it is possible, 
indeed, that all tbe varieties of iron-amalgam hitherto obtained, may be 
mere mixtures of mercury with very finely divided iron. 

I. Sodium-amalgam immersed m a saturated solution of green vitriol, 
is converted in a few minutes, into a silvery, tenacious mass, separate 
globules of which very readily obey tbe magnet; when exposed to the 
air, it quickly becomes covered with a yellow film of ferric oxide The 
watery liquid above the amalgam thus formed, contains sulphate of soda, 
together with flakes of hydrated feme oxide. (Klauer, Ann. Pharm. 10, 
89.) When the amalgam is formed in this manner, with a mixture of 
1 pt. sodium and 100 meicury, hydrogen gas is evolved, when the evolu¬ 
tion of gas ceases, which it does after a few minutes, the formation of the 
amalgam is complete In small globules, it is attracted by a strong 
magnet. When distilled, it leaves finely divided iron. When exposed to 
the air, it becomes Covered with a blackish grey coating of oxide, but the 
decomposition is not completed till after a considerable time. When the 
amalgam is heated in contact with the air, and stirred at the same time, the 
iron burns in small glittering stars. (Bottger, J\ pr Chem. 1 , 304)— 
2. Zinc-amalgam formed of equal weights of mercury and zinc, is tritu¬ 
rated with aqueous protochloride of iron, and the resulting mixtuie of 
iron and mercury kneaded together at a high temperature, till complete 
combination takes place. (Aikm, Gill. 14, 242.)—3. One part of iron 
filings is intimately mixed with 2 parts of alum; 2 or 3 parts of mercury 
are then added; the whole triturated for an hour, at a gentle heat, with 
■J pt. of water; and the alum finally removed by washing with a larger 
quantity of water. This amalgam swells up after a while to double its 
original volume [from liberation of hydrogen ?], and when it is pressed 
with the fingers, the bladders burst, and tbe mass becomes filled with 
cracks and small holes. When the amalgam is triturated with silver- 
glance or red silver-ore, the mercury is transferred to the silver. (Vogel, 
Grell. Chem* Ann. 1789, 2, 309.)— 1 f 4. Joule (Chem. Gaz. 1850, 339) 
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obtains an amalgam baying the composition FeHg, by the electrolysis of 
an iron solution, the negative pole being formed of mercury. V. 

B. Iodide op Mercury and Iron. —Formed by evaporating a 
saturated solution of iodide of mercuiy in aqueous protiodide of iron, 
over oil of vitriol in vacuo; tins mode of evaporation is rendered neces¬ 
sary by the great tendency of the solution to oxidate —Yellowish-brown 
prisms, which, when exposed to the air, become covered with a red-brown 
powder. (Bonsdorff)—The solution of iodide of mercuiy m hot aqueous 
iodide of iron deposits part of the iodide of mercury as it cools, the 
remaining liquid, evaporated till it forms a saline crust, yields brownish- 
yellow, very deliquescent needles, which are decomposed by a larger 
quantity of water, and dissolve m strong acetic acid and m alcohol 
(Berthemot ) 

C. Bromide op Mercury and Iron —Turbid yellowish prisms, 
which quickly deliquesce when exposed to the air m its ordinary state. 
(Bonsdorff ) 

D Chloride of Mercury and Iron. —Aqueous protochlonde of 
iron readily takes up corrosive sublimate, and first deposits a portion of 
that compound unaltered: but, afterwards, when evaporated over oil of 
vitriol, yields honey-yellow, rhombic prisms, isomorphous with those of 
the manganese salt, and therefore consisting of FeCl, HgCl + 4 Aq. 
They deliquesce in the air, with separation of a brown powder. (Bons¬ 
dorff.) 


Mercury and Cobalt. 

A. Cobalt-amalgam. —1. Sodium-amalgam immersed in a saturated 
solution of chloride of cobalt, liberates hydrogen gas and precipitates 
protoxide of cobalt, converting the liquid into a violet-coloured magma, 
and at the same time takes up a portion of the cobalt. The amalgam is 
less fluid than mercury, and is not affected by the magnet till part of the 
mercury has been driven off by heat. (Bottger.)—2 An amalgam con¬ 
sisting of 1 pt of zinc and 6 of mercury, immersed m an aqueous solution 
of chloride of cobalt supersaturated with ammonia, liberates a consider¬ 
able quantity of hydrogen gas, and is converted into cobalt-amalgam, 
the zinc dissolving m the liquid. The liquid above the zinc-amalgam 
must be renewed as often as it loses its colour The zinc still contained 
in the amalgam may be dissolved out by boiling dilute sulphuric acid, 
which does not act on the cobalt of the compound The amalgam is of a 
dull silver-white colour, and is attracted by the magnet, even when not 
perfectly freed from zinc When heated in a close vessel, it leaves the 
cobalt m the form of a grey magnetic mass. Exposed to the air, it 
becomes covered with a black powder of oxidized cobalt.—Aqueous 
chloride or sulphate of cobalt, yields tbe same amalgam, but not so 
quickly, from nitrate of cobalt the zinc-amalgam separates nothing but 
protoxide. (Damour, J. pr, Chem. IT, 346.) 

B. Chloride of Mercury and Cobalt. —By dissolving corrosive 
sublimate in aqueous chloride of cobalt, and evaporating, carmine- 
coloured, highly deliquescent prisms are obtained, isomorphous with the 
corresponding manganese and iron salts. (Bonsdorff.) 

VOL. VI. k 
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Mercury and Nickel. 

A. Nickel-amalgam. —When sodium-amalgam is immersed m water 
saturated with chloride of nickel, aud tbe liquid heated, hydrogen gas is 
evolved, hydrated oxide of nickel precipitated, and the sodium-amalgam 
converted into nickel-amalgam. This amalgam is almost as fluid as 
mercury. It is not magnetic, and causes no evolution of gas when 
immersed m water or in dilute acids (Bottger, J . pr Ghem 12, 351 ) — 
2 On treating a nickel-solution m the manner described for the prepa¬ 
ration of cobalt-amalgam, the same phenomena are produced. After a 
few days, when the amalgam no longer libeiates hydrogen from fresh 
quantities of the ammonio-chlonde of nickel it is pulverized and boiled 
for a while with dilute sulphuric acid, till the gieater part of the zinc 
has dissolved, with evolution of hydrogen If the boiling he too long 
continued, the nickel likewise dissolves, fetid hydiogen gas being at the 
same time evolved —The amalgam is solid, and may be attracted by the 
magnet When distilled, it leaves metallic nickel m the foim of an ash- 
grey, spongy mass. On exposure to the ail, a black ciust of oxidized 
nickel foims upon its surface till it is converted into lunnmg meicury. 
Cold dilute sulphuric oi hydrochloric acid dissolves out the nickel fiom 
it very slowly,—the same acids, when hot, produce this effect somewhat 
more quickly Nitric acid dissolves it completely It may he combined 
with larger quantities of mercury. Aqueous chloride or sulphate of 
nickel may be substituted for the* ammonio-chlonde, but they form the 
amalgam less quickly ; from nitrate of nickel, zinc-amalgam throws down 
nothing but hydrated oxide of nickel. (Damoar ) 

B Chloride of Mercury and Nickel.— By spontaneous evapo¬ 
ration, small, apple-green, regular octohedrons are obtained, having 
probably a composition corresponding to that of chloiide of mercury and 
calcium, and the mother-liquid, when evaporated over sulphuric acid, 
yields deliquescent oblique rhombic prisms (BonsdorfF) 


Mercury and Copper. 

A. Copper-amalgam. —1. A piece of copper-foil immersed in a solu¬ 
tion of nitrate of mercury, is gradually penetrated by the mercury, and 
at last becomes brittle.—2. The amalgam may be formed by tritmating 
mercury with common salt and verdigris. (Lewis )—3, By triturating 2 
parts of mercury, 2J of verdigris, and 1 of common salt with a small 
quantity of heated vinegar, which must be renewed as it evaporates, aud 
purifying the amalgam by washing (Boyle)—4 By mixing 1 part of 
finely divided copper—obtained by reducing the oxide with hydrogen, 
or by precipitation from the sulphate by zmc or iron—with a few drops 
of mercurous nitrate, by which it is quickened, and then tntuiating with 
S parts of mercury, a light red amalgam is formed (Berzelius.)— 
5. Mercury placed in contact with the negative pole of a voltaic pile, 
and covered with solution of blue vitriol into which the positive wire 
dips, becomes perfectly saturated with copper. (Grove, Phil. Mag . J 15, 
83.) If According to Joule, the amalgam thus obtained has the compo¬ 
sition CuHg, and the same definite compound is obtained by dissolving 
copper in mercury, and removing the excess of the latter by strong 



MERCURY AND COPPER. 


131 


pressure. ( Chem . Qaz. 1850, 339 ) %—6 Sodium-amalgam immersed m 
a solution of blue vitriol, is converted into copper-amalgam (Klauer.)— 
A strong solution of blue vitnol and sal-ammoniac, treated m a similar 
manner, yields a somewhat bulky amalgam of copper and ammonium, 
which has a reddish or golden-yellow colour, and soon decomposes — 
7. Zinc-amalgam, immersed m a copper solution supeisatuiated with 
ammonia, foims an amalgam m white ramifications (Damour.) 

B. Hyposulphite of Meicurous and Cuprous Oxide ?—When a solution 
of hyposulphite of meicurie oxide and potash is mixed with sulphate of 
cupric oxide, the liquid remains clear at fiist, but soon becomes tuibid, 
and yields a brown-red piecipate, which must be washed with cold water. 
Pait of the excess of acid appeals to be conveited into sulpkunc acid by 
reducing the piotoxides of copper and mercury to dioxides The pieci- 
pitate heated out of contact of air, yields sulphurous acid, meicury, 
snlpkide of silver, and sulphide of coppei It blackens when boiled with 
water, which dissolves sulphuric acid from it and forms sulphide of 
copper. Nitric acid extracts copper fiom it, with evolution of nitrous 
gas, and leaves a light yellow powder, consisting of sulphide of mercury 
combined with the nitrate and sulphate of meicuiic oxide Ammonia 
and potash blacken the precipitate when heated with it, and acquire a 
blue colour, with potash, however, the colour is but faint. (Rammels- 
berg, Fogg , 56, 319.) 





Rammelsberg. 

5Cu 2 0 

360 

26 32 

26 14 

3IXg 2 0 

624 

45 61 

45 60 

8S : Q- 

384 

28 07 

27 51 

KO 



1 02 

5(Cu-0,S-0-) + 3( Hg-O.S-O-) 

1368 

100 00 

100 27 


C. Chloride op Mercury and Copper. —Prom a solution of corro¬ 
sive sublimate in aqueous chloride of copper, the simple chloride of mer¬ 
cury separates first, and afterwards the double salt in needles united in 
radiated masses and permanent in the air. (BonsdorfF.) 

D. Chloride of Mercury, Copper, and Potassium —A dilute solu¬ 
tion of mono-acid or hi-acid chloride of mercury and potassium (pp 101,102), 
mixed with chloride of copper and left to evapoiate freely, yields ciy&tals 
of the double salt now under consideration Aftcrwaids, either the 
double chloride of mercury and potassium, or the chloude of copper 
separates out, accordingly as the one or the other salt was m excess m 
the mixture. An excess of one of the salts is essential to the formation of 
good crystals of the double salt (Bonsdoiff.) 

Right rhombic prisms. Fig 75, also with the p- face instead of the 
y- faces u f : ^ = 109 3 23 r , y y backwards = 70 5 f . (Nordenskiold.)— 
The crystals have a strong glassy lustre; their colour is between emerald- 
green and grass-green, and they yield a light green powder.—The salt 
fuses when heated, turns yellowish-brown, evolves water, and afterwards 
corrosive sublimate. Permanent in dry air, but turns yellowish m damp 
air from decomposition In air saturated with moisture, it deliquesces and 
forms needles, probably consisting of chloride of mercury and potassium. 
The crystals, when immersed m cold water, to which they impart a light 
blue colour, acquire a white glimmering surface, probably m consequence 
of the formation of needles of the bi-acid chloride of mercury and potas* 

K 2 
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slum. In boiling water they form a grass-green solution, and crystallize 
out from it unalteied when evaporated by the aid of heat, but, if the 
solution be rapidly cooled, the greater part of the chloride of mercury and 
potassium crystallizes out alone, and the liquid turns blue. The salt is 
affected in the same manner by hydrated alcohol at a boiling heat; 
absolute alcohol does not dissolve it. (Bonsdorff, 33, 81.) 

BonsdoifF. 



Ci ystalhzed. 

a 

l. 

3KC1 

223 8 

31 28 

31 48 

31 47 

3HgCl 

406 2 

56*78 

56 95 

57 56 

CnCl 

67 4 

9 42 

9 32 

8 00 

2HO 

18 0 

2 52 

2 25 

3 07 

3(KCI,HgCl) + CuCl-f 2Aq . 

735 4 

100 00 

. 100 00 

100 10 


a was crystallized from a solution containing excess of chloride of 
copper, b from a solution containing an excess of chloride of mercury and 
potassium. (Bonsdorff.) 


Other Compounds of Mercury 

With Silver, Gold, Platinum, Palladium, Rhodium, Iridium, and 
Osmium. 


Chapter XXXYII. 

SILVER. 


Proust. J . Pliys. 62, 211; also K Geld 1, 508. 


Argentum , Luna , Diana , Argent , fiilber . 

History . Silver has been known from the earliest times. The alche¬ 
mists were acquainted with horn silver and nitrate of silver. 

Sources. Silver is tolerably abundant, and occurs* Native; as sul¬ 
phide (Vitreous Silver or Silver-glance), as sulphide of silver and anti¬ 
mony (Brittle Silver-glance or Psaturose, Red Silver, and Miargyrite), as 
sulphide of silver and iron (Sterubergite), as sulphide of silver and copper 
(Argentiferous Copper-glance); as sulphide of antimony, silver, and 
copper (Polybasite), as sulphide of antimony, silver, and lead (Donacar- 
gyrite); and in some other sulphur-salts (Fahl-ore, Graugultigerz, Weiss- 
gultigerz), as selemde of silver and copper (Eukamte), as iodide of 
silver, as bromide; as chloride (Horn-silver), as chloro-hromide, as 
antimonide of silver, as telluride of silver, as tell unde of gold and silver 
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(White Teliunum and Graphic Tellurium), as silver-amalgam, as an alloy 
of silver and copper, and as an alloy of gold and silver 

According to Malaguti, Durocher, and Sarzeaud (W. Ann. Chlm. 
Fhys 28, 129), a small quantity of silver occurs in sea-salt, in sea-water 
itself (about 1 milligramme m 100 litres), m various fuel ( Fucus serratus 
and F ce?'ctmoides contain at least y o oooo ) j m chemical products for the 
preparation of which common salt is used ( e.g. caibonate of soda and hydro¬ 
chloric acid), m the ashes of land plants, the insoluble portion containing 
more silver than the soluble pait, m the ash of ox-blood, m rock-salt, and 
probably also m coal. In sea-watei it occurs m the form of chloride. *fT 

j Preparation —1 The silver is first made to unite with lead, and 
the lead, together with other foreign matters, is afterwards removed.— 
a Rich oi es are fused with lead m crucibles Two layers then form, 
the upper one consisting chiefly of silver and lead, the lower of sulphide 
of lead and other metallic sulphides — b. The silver ores are fused m a 
smelting furnace, and the melted mass as it flows out, is stirred up with 
melted lead In this case, also, the silver unites with part of the lead, 
while the rest of that metal mixes, m the form of sulphide, with the sul¬ 
phides of the other metals contained m the ore — c The silver ores are 
fused with roasted lead ores, which may likewise contain silver, and with 
artificially prepared oxide of lead, such as litharge (Y. 106, 2, a ) — 
d. The silver ores are fused with unroasted lead-glance and with iron * 
this is called the method of precipitation (Y. 106, 2, b) — e Yery poor 
silver ores are fused with iron pyrites, and the argentiferous sulphide of 
iron thus obtained, is first roasted, and then smelted with lead oies, the 
lead separated from which, takes up the silvei — f Argentiferous copper 
ores are treated as descubed on page 398, vol v, so as to yield argen¬ 
tiferous blue coppei, and this, when fused with three times its weight of 
lead, and left to cool in the pans, solidifies in cakes, which are a mixture 
of two alloys. On the application of a gentle heat, the alloy which con¬ 
tains the larger quantity of lead, and nearly all the silver, flows out, and 
the remainder of the cake, which is contracted and porous, and contains a 
small quantity of lead and a very small quantity of silver united with 
the copper, yields, when heated to redness m contact with the air, a num¬ 
ber of products, among which is a small quantity of lead containing 
silver and copper. 

The aigentiferous lead obtained by either of these processes, is strongly 
heated m a leverberatory furnace, the hearth of which is covered with 
lime and washed wood-ashes, the flame being made to play over it. 
The lead, together with any other base metals accidentally present, is 
oxidized by the air blown over its suiface by means of two pair of 
bellows, and forms at first a comparatively impuie, difficultly fusible 
oxide, the dross, —but afterwards a continually puier oxide, which partly 
flows off in the form of litharge, and partly sinks into the hearth The 
silver separated by this refining process, is called m German, Bhcksilver. 
—The silver, often mixed with gold, remains behind in the metallic state, 
and is fieed from the last traces of foieign metals by again fusing it m 
the air. This process yields Fine silver or Cupelled silver —If the argen¬ 
tiferous lead be left to solidify slowly after fusion, lead nearly free from 
silver crytallizes out first, and may be removed by a ladle, while nearly 
all the silver remains in the portion (amounting to half or a third of the 
whole), which remains longest m a state of fusion. (Pattmson, Jahresber , 
17, 111 )—IT Two new methods of extracting silver from its ores, without 
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the aid of mercury, have lately been introduced in Mexico, The first of 
these methods consists m roasting the ores with common salt; dissolving the 
resulting chloride of silver by means of a hot solution of common salt, and 
precipitating this solution with metallic copper.—According to the second 
method, the ores are convex ted into sulphates by roasting, the sulphates 
extracted with water, and the solution likewise precipitated by copper. 
(Liebig & Kapp’s Jahresber, 2, 629 )—Malaguti and Durocher ( Gompt . 
rend 29, 7351 find that silver may be directly reduced from the sulphide, 
without previous conversion into chloride, by subjecting the ores to the 
action of nascent hydrogen, or, still better, by treating them with metallic 
copper and blue vitriol, green vitriol, and alum. IF 

2. The silver is first united with mercury and then separated from 
that compound Amalgamation — a Oies which only contain metallic 
silver are agitated with mercury, after being finely divided by stamping. 
—b Ores m which the silver exists in the form of sulphide, require a 
previous treatment with chlorine-compounds, to conveit the sulphide of 
silver into chloride It is then reduced by iron or another metal — 
a. Freiberg Process The ore is finely pounded, intimately mixed with 
common salt, and roasted—wheieby metallic silver, chloride of silver, 
and sulphate of soda are produced—and afteiwards worked about in 
casks with watei and lion, or other base metals, and finally also with 
mercuiy, which takes up the silver. The mercury is separated from the 
silver by pressing out the excess, which contains but little silver, and 
distilling the solid amalgam m an apparatus very similar to that which 
is used at Horzowitz (p 2). The porous silver which lemains is freed 
from any baser metals that may be mixed with it, by cupellation with 
lead or by ignition m the air, and subsequent treatment with dilute sul¬ 
phuric acid. (Lampadius )—/3. American Process The ore in a finely 
divided and moist condition, is exposed for a considerable time to the 
successive action of common salt, sulphate of copper, and meicury. To 
effect an intimate mixture of the ore with these mateuals, men or horses 
are made to walk about for several hours on the heaps of moistened ore, 
which are formed on a paved floor, and the v hole is frequently stirred 
with shovels. The sulphate of copper used is generally roasted copper 
pyrites, known by the name of Magishat , the mixing of this substance 
with ore already containing common salt is called the Incorporation . 
Finally, the silver-amalgam foimed by the pievious processes is separated 
from the exhausted ore by washing with water m casks. (Lyon, 
Schw. 54, ].) In this process, the common salt and the sulphate of 
copper form sulphate of soda and protochloride of copper. The latter 
gives np chlorine, and converts part of the sulphide of silver into chloride, 
separating the sulphur, provided that an excess of common salt is piesent, 
to hold m solution the dichloride of copper as it foims. The latter then 
acts upon another portion of the sulphide of silver, forming disulphide of 
copper and chloride of silver The chloride of silver thus produced 
dissolves in the common salt, and is decomposed by the mercury subse¬ 
quently added, yielding silver and calomel. This process is always 
attended with a loss of mercury, which, however, may be diminished by 
the addition of iron previously to the mercury. (Boussmgault, Ami. Glum. 
Phys . 51, 337.) 

Might not many of the poorer silver-ores he treated as follows: 
pounding them^ finely—roasting them, if they contain sulphui—and 
heating them with a quantity of oxide of manganese and hydrochloric 
acid sufficient to convert the sulphide of silver into chloride—washing 
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thoroughly with water—dissolving out the chloride of silver by ammonia 
—separating it by distillation—and reducing with sulphuric acid and 
iron 2 (6m ) 

IT Malagnti and Durocher have examined the influence of the accom¬ 
panying matrix and of the soluble salts on the amalgamation of silver 
ores They find that the matrix exerts a greater disturbing effect on the 
process, in proportion as it is fatter and more aigillaceous, and less, as it 
is poorer and more siliceous They attribute a peculiar deteriorating 
effect to carbonate of lime, and foreign metallic sulphides (PbS, ZnS, &c.); 
the presence of salts (common salt among the rest) they regard, on the 
other hand, as advantageous, Fiom a series of comparative experiments, 
they conclude that when mercury alone is used, chloride of silver is more 
difficult to reduce than metallic silver, and even than the sulphide; but 
that the piocess is greatly accelerated by metallic iron. The extreme 
slowness of the American amalgamation process they attribute to the 
piesence of foingn metallic sulphides, the sulphrde of silver being con¬ 
vex ted into chloride less quickly than most of the other sulphides. More¬ 
over, this conveision of the sulphide of silvei is exclusively due to the 
chloiide of copper (the sulphur being either sepaiated m the free state or 
converted into sulphuiic acid, according to the facility of access of the 
air), the common salt merely serving to accelerate the action ( Oompt . 

7 end 29, 735, Liebig & Kopp’s Jahresber 2, 631 ) [For Percy’s experi¬ 
ments on the separation of silver and gold from their ores m the wet 
way, vid Phil. 21 ag J. [3], 36, 1 ] IT 

Purification . 1. By lepeated cupellation with pure lead 

2 The silver is dissolved m nitric acid, common salt added to tlnow 
it down as chloiide, and the metal separated fiom that compound after 
careful washing with hot water — a. A crucible is nearly filled with an 
intimate nnxtuie of 3 pts chloride of silver and 1 pt. common resin, a 
gentle heat appbed at first, whereupon the resm burns with a flame 
coloured green by the hydrochloric acid formed from the chlorine of the 
horn-silver and the hydrogen of the resm, the heat is then raised to the 
melting-pomt of the sil\ er, a small quantity of borax being added, and a 
few slight blows given to the crucible to accelerate the union of the 
silver. The charcoal which remains on the top is peifectly free from 
silver , this process is piefeiable to all the rest (Molxr, Ann, Plmrm. 
3, 331.)— b . The chloride of silver is ignited with a fixed alkali — a, With 
hydrate of potash, this, however, is xaiely used— (3. With 1 or 2 pts, of 
dry carbonate of soda. Oxygen and carbonic acid are then given off 
with effeivescence. (Gm ) 

AgCI 4- IvO,C0 2 = Ag + KC1 + O + CO 2 

The chloride of silver fuses before it is decomposed, and then sinks into 
the pores of the earthen crucible, thereby causing a loss, this loss may 
be more or less prevented by the following methods An intimate mixture 
of 1 pt. chloiide of silver and 1 pt. carbonate of potash or -§ pt dry car¬ 
bonate of soda is placed m a glass vessel, which is carefully heated to 
low redness in a crucible filled with sand, the contents are then washed 
with water, and the silver is obtained in the form of a soft powder This 
process is dangerous, from the liability of the glass to crack.—The mix¬ 
ture is placed in an earthen crucible, and the temperature kept for the 
first half-hour at low redness, so that the greater part of the gases are 
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given off before tbe mass fuses and spits; after which, a stronger heat is 
applied. The bottom and sides of the earthen crucible are thickly covered 
with l^pt moist carbonate of potash—the heat raised to redness—and 
the dry mixture of equal parts of chloride of silver and carbonate of 
potash introduced by small portions at a time. (Gm )—Between 1 and 
2 pts of carbonate of potash are fused in the crucible, and the thoroughly 
dned chloride of silver then introduced m successive small portions A 
loss of 2 or 3 per cent, by spitting is scarcely to be avoided. (Giese, 
Scher. Ann. 3, 141.) A mixture of carbonate ot soda with the carbonate 
of potash is useful, because it lowers the meltmg-pomt. (Mohr)—In 
every case, the mixture is strongly ignited at last, to bring about the 
union of the separated silver.—The silver reduced by this process some¬ 
times retains a small quantity of chloride, which remains behind when 
the silver is dissolved m nitric acid. (Proust.)— y With lime .—100 pts. 
of chloride of silver, 20 of dried lime, and 4 2 of charcoal (Gay-Lussac, 
Ann. Chtm Phys. 14, 319.) With these proportions, great loss is 
incurred. (Trommsdorff, N Tr . 5, 2, 437.) 1 pt. of chloride of silver 

with 1^ to 2 pts. lime, fuses imperfectly, and produces but an incomplete 
separation of the silver (Meissner, Perl. Jahrb. ISIS, 178 )—c The 
chloride of silver is boiled with strong caustic potash, and the resulting 
oxide of silver, after being washed and diied, is fused till the silver melts 
together For this purpose, the chloride of silver precipitated by common 
salt is well washed with water by decantation, the liquid being frequently 
stured with a glass rod, and then, while still moist, boiled m a clean 
vessel of platinum, silver, or iron, with excess of potash-ley of specific 
gravity at least 1 *25, stirring well all the time, till a sample of the oxide 
taken out and washed, dissolves completely in nitric acid The oxide is 
then washed by decantation, first three times with hot water, and then 
with cold water, because, when nearly washed, it has a tendency to rise 
to the surface of the hot water. The oxide, if pure, is heated alone 
till it is reduced to the metallic state; if it still contains chloride of 
silver, a small portion of carbonate of potash is added The quantity of 
chloride still present being but small, there is no fear of loss from its 
sinking into the crucible, or by spitting (W. Giegory, Phil Mag. J. 22, 
284 .)—d The chloride of silver is placed m contact with iron or zinc 
and water, to which, m order to accelerate the action, a small quantity of 
hydrochlouc or sulphuric acid may be added; and the reduced silver is 
quickly washed, first with acidulated and afterwards with hot pure water, 
and then fused with borax and nitre. Silver precipitated by zinc presents 
the appearance of a soft grey powder. Giese decomposes 1 part of 
chloride of silver with 1 part of zinc, 2 parts of oil of vitriol, and 6 of 
water, with these proportions, the whole of the zinc dissolves. Iron- 
wire may also be used for the same purpose Or the chloride of silver 
may be heated m an iron vessel with iron filings and water, and a small 
quantity of hydrochloric acid. (Lesage.)—It is not easy to obtain a com¬ 
plete decomposition with zinc, moreover, a small quantity of that metal 
unites with the silver, and cannot be removed by hydrochloric acid—so 
likewise do some of the impurities of the zinc or the iron (Gregory.) 
The chloride of silver may also be decomposed by trituration with twice 
its weight of mercury and a small quantity of water, the resulting 
amalgam ignited after washing with water, and the residual silver 
formed into a button by fusion with of its weight of borax .—e . A 
cylinder, open at top, closed at bottom with a piece of membrane, and 
containing water in which finely divided chloride of silver is diffused. 
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is placed upon a zinc plate immersed in water, and a connexion made by 
means of a silver or platinum wire, between the zinc plate and the water 
of the cylinder. (Fischer, Schw. 20, 48 ) This decomposition takes about 
a week, and is only adapted for small quantities. (Giese.) 

3. The impure silver is dissolved m nitric acid, the dilute solution 
precipitated by copper, and the precipitated silver, after thorough 
washing, is digested with ammonia as long as that liquid acquires a blue 
colour; or it is left for some time in contact with an aqueous solution of 
silver-nitrate, in order to dissolve the copper that is mixed with it, and 
then washed and ignited. When a solution of silver-nitrate is pre¬ 
cipitated by green vitriol, the silver precipitate contains sulphate of ferric 
oxide (or sulphate of ferric oxide and silver-oxide, according to Giese), 
which remains behind in the form of a yellow powder when the silver is 
dissolved in nitric acid. 

Properties. Silver crystallizes naturally in forms belonging to the 
regular system Fig. 1, 2, 3, 4, 9, and 11 (with octohedral faces). 
Macle-ciystals of cubes and leucite-octohedrous also occur; dendritic 
forms are likewise frequent It is harder than gold, but softer than 
copper, elastic, gives a clear ringing sound, is very malleable and ductile; 
may be hammered into leaves, 0*00001 of an inch m thickness. One 
gram of silver may be drawn out into a wire 400 feet long. Fracture 
indented Specific gravity of fused silver 10*4382 (Karsten), 10*474 
(Bnsson), 10 481 (Fahrenheit), 10 53 (G Rose); of hammered silver, 
10 510 (Bnsson), 10 50 (Muschenbroek), 10 57 (G. Rose), of silver pre¬ 
cipitated from the nitrate by green vitnol, from 10*56 to 10 92 (G. Rose). 
Silver is the whitest of all the metals 

In the finely-divided state, e g. as obtained in the decomposition of the 
chloride by zmc m the humid way, silver presents the appeal ance of a dull, 
daik grey powder. To obtain it m this form, the chloride must not be 
precipitated at a high temperature, or washed with water at a temperature 
above 60 J , or dried by the aid of heat neither must the silver precipitated 
by zmc be subjected to heat m either of these ways. If a higher tem¬ 
perature is applied, the silver becomes more compact, whiter, and more 
metallic (Berzelius.) Silver precipitated on glass m very thin films (by 
aldehyde-ammonia), or thrown down from a liquid in the form of a very 
fine powder, exhibits a violet colour by transmitted light. 

Silver may be welded. Pulverulent silver reduced from the chlo¬ 
ride by zinc may be welded by the process devised by Wollaston 
for platinum (Fournet, Ann Ohim Phys 75, 435) Fuses at 999° 
(C. Prmsep), at 1000 3 (Pouillet), at 1034" (Guyton-Morveau), at 1223° 
(Darnell), and m the fused state exhibits a stronger lustre. According to 
Per&oz ( Ghim . molecuL 240), pieces of solid silver float upon the melted 
metal, showing that silver expands in solidifying, like water. 

Silver m the melted state absorbs oxygen iu the same loose manner 
as water takes up various gases. This effect takes place when the silver 
is fused in the air, or under a small quantity of nitre. The absorbed 
oxygen escapes as the silver solidifies, and may be collected over water. 
If, in consequence of rapid cooling, the surface of the silver solidifies 
before the oxygen has escaped from the interior, the gas buists the super¬ 
ficial crust, and drives out part of the fused silver m spherules and ex¬ 
crescences, this effect is called the spitting of silver. Charcoal powder 
thrown on melting silver withdiaws the absorbed oxygen, and con¬ 
sequently prevents the silver from spitting as it cools. (Samuel Lucas, 
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Ann . Chim Phys. 12, 402, also Schio 53, 1ST j also N. Tr. 4, 2, 81 ) 
^ According to H Rose ( Pogg . 68, 274), the spitting of silver takes 
place not only m contact with the air, but also under layeis of various 
salts an inch tlnck, sufficient, therefore, to prevent access of atmospheric 
oxygen, in this case, however, the salt must contain a substance which 
does not give up oxygen till raised to a very high temperature, moreover, 
the saline coveimg must consist of easily fusible salts, which do not 
solidify till after the silver. No spitting takes place when silver is fused 
under common salt, but on the addition of nitie, spitting is produced. 
•Chlorate of potash, however, does not produce this effect, because it gives 
up the whole of its oxygen before the silver melts. These facts will 
serve to explain why it is that no spitting takes place in the reduction of 
silver by carbonate of potash. For the evolution of oxygen takes place 
at a temperature below that at which silver melts, and the reduced 
porous metal does not fuse till the heat is considerably increased, but it 
then finds no more oxygen in the fused chloride of potassium to combine 
with, and the oxygen of the air is completely kept off by the saline crust. 
Spitting is also not pioduced under very viscid saline crusts, even when a 
sufficiency of oxygen is present S grammes of silvei fused m the air 
give off O’OOTS litre of oxygen m solidifying, but the presence of 5 p>er 
cent of copper depnves the silver of the powei of absorbing oxygen. 
(Chevillot, Ann. Chim Phys . 13, 299, also Sclav 53, 190.) When small 
quantities of nitre are thrown on melted silver at intervals, for half an 
hour, and the crucible is then placed undei a bell-jar filled with water, the 
silver gives off 22 times its volume of oxygen gas, and acquires a rough, 
wrinkled surface. [Might not part of the oxygen here evolved proceed 
from peroxide of potassium 2] When oxygen gas is passed for half an hour 
over melted silver contained in a porcelain tube, the tube closed, and then 
left to cool, a vacuum is first formed m the tube (rendered evident by the 
rising of the liquid v hieh closes it), but afterwards, as the silver solidifies, 
a large quantity of oxygen is evolved When silver fused in the air is 
dropped mto water, every drop gives off laige bubbles of oxygen gas. A 
small quantity of copper diminishes the absorption of the oxygen, and 
2 or 3 per cent stops it completely, lead and gold act m the same manner. 
(Gay-Lussac, Ann Clam Phys 45, 221 ) Silvei at a white heat decom¬ 
poses aqueous vapour passed over it, liberating a small quantity of 
hydrogen and taking up oxygen, wheieby it acquues the property of 
spitting. 

Silver boils only at the temperature produced by a burning mirror or 
by oxygen gas ; it then rises in white fumes. In an open crucible it 
volatilizes gradually, even at an incipient white heat, losing about 1 per 
cent, in an hour, not, however, if it be covered with charcoal dust. 
(Lampadius, J. pi. Ckem . 16, 204.) 


Compounds of Silvei\ 

Silver and Oxygen. 

A. Suboxide of Silver Ag 2 0? 

1. A solution of silver-oxide in aqueous ammonia deposits, on ex¬ 
posure to the air, a suboxide which exhibits a grey colour and strong 
lustre by reflected light, and when in thm layeis, a bright yellow by 
transmitted light; it contains 108 silver to 5 4 oxygen, and when heated, 
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fuses, gives off oxygen, and is converted into metallic silver. (Faraday, 
Quart J. of Sc 4, 268, also Ann. Ckim. Phys. 9, 107.) 

2. The oxalate, mellitate, and citrate of silver-oxide, heated to 100°, or 
a little higher, in a current of hydrogen gas, are reduced to yellow or 
brown salts of the suboxide. The daik wine-red solution of citrate of 
suboxide of silver m water yields, with potash, a black precipitate, which, 
after drying, acquires the metallic lustie by pressure. When heated, it is 
resolved into oxygen gas and metallic silver, with oxygen-acids, it is 
resolved mto the oxide which dissolves, and metallic silver which remains 
behind With hydrochloiic acid it yields a brown powder, probably con¬ 
sisting of dichloride of silver, q v . (Wohler, Ann. Pharm . 30, 1, also 
Fogy. 46 629 ) 


B Silver-oxide. AgCL 

Forniation. 1. Silver does not oxidise either in dry or in moist air at 
any temperature below its boiling point, but when heated to that tem¬ 
perature m the air on charcoal by oxygen gas, or m Marcet’s blowpipe, or 
the oxy-hydrogen blowpipe, it burns with a greenish light, depositing a 
brown powder on glass held over it. Silver-leaf made to close the circuit 
of the voltaic battery, or a wire through wdnch the charge of a strong 
electric battery is passed, likewise burns with a greenish light.—2. Silver 
decomposes oil of vitiiol at the boiling heat, nitric acid at ordinaiy tem¬ 
peratures. It is less oxidized than platinum by fusion in the air m contact 
with nitie or with caustic potash —3 Silver dissolves m a boiling solution 
of feme sulphate, the pioduct being ferrous sulphate and silver-sulphate, 
but separates out again m the metallic state on cooling, so that the ferric 
sulphate is reproduced : 

Fe-Oh3SO^ + A .g = 2(FeQ,SO>) + Ag0,S0 3 . 

(Sch 94.). If the air be not excluded, part of the silver remains in 
solution when the liquid is cooled, especially when a large quantity of 
free sulphunc acid is present, for part of the feirous sulphate produced at 
the higher tempeiature is converted—with especial rapidity when the 
acid is in excess—into feme sulphate, and can therefore no longer con¬ 
tribute to the precipitation of the silver on cooling Moreover, ferric sul¬ 
phate, even in the cold, dissolves a small quantity of silver, which may be 
pi'ecipitated by common salt or green vitriol The solution of the silver 
is paiticulaily rapid and abundant when excess of sulphuiic acid is pre¬ 
sent, for the ferric oxide, which has given up oxygen to the silver, then 
takes it up again with greater facility from the air. (Wetzlai, Sch kk 53, 94 ) 
The silver which is precipitated on cooling is contaminated with basic 
sulphate of ferric oxide The supernatant liquid contains ferric oxide, 
ferrous oxide, and silvei-oxide m solution, and therefore yields a black 
precipitate with ammonia, blue, with ferncyamde of potassium ; and 
white, with common salt (A. Vogel, Jpr. Ghem . 20, 362 ) 

Preparation .—1. By precipitating an aqueous solution of silver- 
nitrate with potash or baryta-water free from hydrochloric acid, washing 
the precipitate, and drying it at a gentle heat —2 By boiling recently 
precipitated and still moist chloride of silver with excess of caustic 
potash, of sp. gr. from 1*25 to 13, and then washing and drying. 
(Giegory )—The chloride of silver must not be triturated in the mortar, 
because it then aggregates m lumps, and becomes more difficult to deconi- 
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pose. The boiling must he continued till a sample taken out and washed 
dissolves completely m nitric acid, if this should not take place after ten 
minutes’ boiling, the potash-ley must he poured off, the oxide triturated 
in a mortar—which may now he done without injury-—and again boiled 
for five minutes, either with the old or with fresh potash-ley In some 
cases, it is necessaiy to decant the liquid yet once more, again triturate 
the oxide, and boil a third time The oxide is then washed three times 
by decantation with boiling water, then repeatedly with cold water, and 
lastly on the filtei (Gregory.) , 

Properties .—The oxide prepared by (1) is a brown powder, which 
when dried between 60° and 80° becomes nearly black; its specific 
gravity is 7'143 (Herapath), 7 250 (P Boullay), 8 2558 (Karsten), it has 
a disagieeable metallic taste. (Proust, Bucholz ) When prepaied by (2) 
it forms a soft, black or bluish-black pow T der. (Gregory ) 
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Decomposed by light or at a red heat into oxygen gas and metallic 
silver. Hydrogen gas reduces it to the metallic state, even at 100°. 
(Wohler, Ann Phaim. 30, 4)—Gives up its oxygen to aqueous phos¬ 
phorous acid. In the recently precipitated state, it is decomposed by 
aqueous sulphurous acid, yielding metallic silver and soluble sulphate of 
silver-oxide, but the decomposition is not complete, even when heat is 
applied. (A Vogel.) Under water it is reduced by zinc, cadmium, tin, 
and copper, but not by iron or mercury (Fischer, Pogg. 10, 605 )—In 
aqueous hypochlorous acid, it yields chloride of silver, oxygen gas, and a 
small quantity of chlorine. (Balard ) 

Combinations, a. Wfith Water — Aqueous Stiver-oxide. —The oxide is 
slightly soluble in water, and imparts to it a metallic taste (Bucholz, 
Beiir 2, 5), and alkaline reaction (Fischer, Kastn A 7'ck. 9, 356 ) The 
solution acquires a reddish colour when exposed to light, is rendered 
turbid by a small quantity of carbonic acid, and recovers its clearness on 
the addition of a larger quantity of that acid (Wetzlar, Schw. 53, 102 ) 

b With Acids, forming the Salts of Silver-oxide, or Silver- 
salts. —The affinity of silver-oxide for acids is greater than that of 
cupric oxide or zinc~oxide The silver-salts are prepaied by dissolving 
the metal m oxidating acids, such as sulphuric or nitric acid, or by 
double decomposition. Silver-salts are generally colourless, nnless they 
contain a coloured acid. The soluble salts do not redden litmus pro¬ 
vided the acid is saturated, they have a strongly metallic taste, and act 
as acrid poisons. Those which contain volatile acids give them up at a 
red heat, and leave metallic silver, with carbonate of soda before the 
blowpipe, they all yield a metallic globule. With borax and micro- 
cosmic salt, they behave like oxide of silver. 
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The following substances precipitate silver from its solution in the 
metallic state. Phosjohorus —A dilute solution of the nitrate is more 
rapidly reduced by this substance than a strong solution. Liquid 
sulphide of phosphorus throws down an olive-green, non-metallic 
powder. (Boeck.) Phosphoric oxide, on the contrary, thiows down 
phosphide of silver and phosphate of silver-oxide. (Dulong) The pre¬ 
cipitation takes place in the cold, and without evolution of hydrogen. 
(Wurtz.) Phosphorous acid —Characters traced on paper with a solu¬ 
tion of silver become metallic in a bottle containing phosphorus and 
atmospheric air (Grotthuss )— Phosphuretted hydrogen gas : 

8(AgO,N0 5 ) + PH 3 = 8Ag + PO s + 3HO + 8N0 5 . 

The bulky precipitate which this gas produces m a solution of nitrate or 
sulphate of silver-oxide is brown at first, but consists of metallic silver, 
and gradually assumes a metallic aspect, the liquid contains phosphoric 
acid. (H Hose, Pogg 14, 184, 24, 318)— Sulphurous acid This sub¬ 
stance forms with silver-solutions a white piecipitate, which turns grey 
on boiling, the remaining liquid, which still contains sulphurous acid, 
becomes turbid repeatedly when left to stand for some time, and yet 
retains silver m solution, the precipitated silver is generally mixed with 
sulphide. (A Yogel, J. pr. Ghem. 29, 279.)—Sulphite of ammonia 
throws do»vn white sulphite of silver-oxide, which becomes covered, 
slowly at ordinary temperatures, but quickly on the application of heat, 
with a silver-shining film of metal Sulphurous acid throws down white 
flakes, which soon turn yellowish, afterwards brown, and then contain 
sulphide of silver. A similar precipitation is produced by sulphite of 
potash, which, however, besides the white flakes, which afterwards turn 
brown, likewise produces black metallic-looking lannnee of sulphide of 
silver. (Pleischl, Zeitschr Phys v TFiss. 3, 106 )— Zinc, cadium, tin, 
lead, iron, manganese, copper, mercury, bismuth, tellurium, antimony, 
arsenic —Lead and tin precipitate the nitrate solution most quickly; 
then follow the other metals in this order. cadmium, zmc, copper, bismuth, 
antimony, arsenic, mercury. (Fischer, Pogg 6, 43.)— Zinc immersed m a 
slightly acidulated silver-solution, becomes covered, from the beginning to 
the end of the precipitation, with black, moss-like silver, containing zinc; 
the deposit, however, assumes a lighter colour towards the edges, and, 
when detached by gas-bubbles, parts with the zidc which it contains, and 
turns white, but resumes its daik colour if again brought in contact with 
the zmc. If a neutral solution of silver be used, only the portions first 
precipitated aie black, the subsequent portions are continually lighter m 
colour. (Wetzlar, Schw, 50, 98).—According to Fischer, on the contrary, 
neutral solutions are disposed to yield alloys fiom beginning to end of 
tbe precipitation; acid solutions, on the contrary, only towards the end. 
—If the silver solution contains copper, the silver is nevertheless precipi¬ 
tated free from copper, the latter metal not being reduced till alter the 
silver. (Fischer.)—Zinc reduces nitrate of silver-oxide in the dry state, 
and likewise in the state of aqueous or alcoholic solution,—also the 
aqueous sulphate, and the carbonate and phosphate when immersed in 
water (Fischer) Cadmium reduces the same silver-salts as zinc. 
(Fischer.)— Tin, immersed in an aqueous solution of silver-nitrate, throws 
down black metallic silver, together with a brown powder, at the same 
time colouring the liquid brown. From the alcoholic solution of the 
nitrate, tin precipitates but a small quantity of silver, and only on first 
immersion. It reduces the dry nitrate of silver oxide, the aqueous solu- 
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tion of the sulphate, arid the carbonate and phosphate immersed m water. 
(Fischer )— Iron reduces the aqueous solution of the sulphate, and the 
carbonate and phosphate immersed m water It does not reduce the 
alcoholic nitrate, and in an aqueous solution of that salt, reduction takes 
place only where the iron pi ejects above the liquid,—or when it is 
dipped into an acid solution, then taken out and exposed to the air till 
it has become covered with ferrous nitrate, and again immersed At a 
boiling heat, the aqueous nitrate is easily reduced by iron (Fischer, 
Brandenburg; comp. I. 370 372)— Manganese reduces silver but very 

slightly fiom the solution of the nitrate (Fischer)— Tellurium acts very 
freely on the solution, and forms a black povder, which does not assume 
the metallic lustre under pressure. (Fischer.)— Bismuth reduces the nitrate 
of silver-oxide dissolved m water or alcohol, and the carbonate when 
immersed m water, but not the aqueous sulphate. (Fischer )— A ntimouy 
reduces only the aqueous nitrate and the carbonate immersed m water, 
not the alcoholic nitrate or the aqueous sulphate (Fischer)— Arsenic 
reduces the aqueous and alcoholic nitiate— Copper exeits a reducing 
action on the nitrate, both m the dry state and when dissolved m water 
or alcohol—on the aqueous solution of the sulphate, and on the carbonate 
and phosphate immersed m water (Fischer) Silver precipitated by 
copper from the nitiate is pure at first, but the poitions last thrown 
down are contaminated with copper, proceeding from galvanic action, the 
copper, however, redissolves on immersion for some time in a solution of 
silver-nitiate. (Gay-Lussac, Gdb. 72, 326 )— Meicury, immersed in an 
aqueous solution of the nitiate or sulphate of silvei-oxide throws down an 
amalgam of silver From the alcoholic solution, it piecipitates a black 
powder containing suboxide of silver, it also exeits a slight action on the 
carbonate and phosphate (Fischer.)—Brass and the alloys of silver with 
zinc, tin, and lead, likewise reduce silver-salts completely; palladium 
exerts no reducing action. (Fischer; rid. Fischer, Gdb 72, 289, Pogg. 
6, 43, 8, 488; 10, 607, 12, 503, 16, 126)—[For the action of metals 
upon chloride of silver, chromate of silver-oxide, and the ammomacal 
solutions of silver, see these compounds]— Uranous oxide —This oxide, 
prepared accoidmg to the second process desenbed on page 159, vol i v,— 
but not that which is prepared by the third process—decomposes a solu¬ 
tion of silver-nitrate without any evolution of gas, producing metallic 
silver and uranic nitrate. (Ebelmen, jV. Ann. Clam Phys . 5, 219) , 

AgCbNO 5 + 2U0 = Ag + U 2 0 l ,N0 5 . 

Hydrated Manganous oxide (Scbnaubert, Von dev Verwandtschaft , 
pp. 103, 106 )—Alkalis added to a mixed aqueous solution of a silver- 
salt und a manganous salt, throw down a black mixture of silver and 
peroxide of manganese, which dissolves m acids, reproducing a silver-salt 
‘and a manganous salt. (Wohler, Pogg 41, 344.)— Ferrous Sulphate — 
From an aqueous solution of nitrate or sulphate of silver-oxide, gi'een 
vitriol throws down a greyish-white, pulverulent precipitate of metallic 
silver (Keir), which redissolves on boiling (Proust, Bucbolz, comp . 
p. 139.) The precipitation is incomplete, a siher-solution mixed with 
green vitriol, and separated from the precipitated silver, still yields a 
precipitate of chloride of silver with common salt, and likewise a preci¬ 
pitate of metallic silver on further addition of green vitnol. (Wetzlar.) 
The precipitated silver is mixed with basic sulphate of ferric oxide, 
which remains behind on dissolving the silver m nitric acid. (Giese, 
~A. Yogel.)— Protochloride of Tin .—The solution of this substance added in 
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small quantity to a silver-solution, throws down chloride of silver, which, 
on further addition of the tin-salt, is converted into brownish black, pul¬ 
verulent metallic silver.— Organic Compounds. —A solution of silver- 
nitrate, mixed with either volatile oils or charcoal, and exposed to sun¬ 
shine or raised to a boiling heat, yields a precipitate of metallic silver. 
(Rumfoid, Scker J. 2, 3 ) Boeck did not succeed in producing the pre¬ 
cipitation by charcoal at a boiling heat. Sugar, at a boding heat, thiows 
down a black powdei, which appeals to be a mixture of the metal and 
the oxide. (A Vogel)—Tmctuic oi infusion of galls (which does not 
act m the cold) yields on boiling, or after long standing, a black powder 
consisting of metallic silver. (Proust)—®[ Many organic substances 
mixed with ammomo-nitiate of silver, throw down metallic silver m the 
form of a beautiful specular film lining the sides of the vessel, this effect 
is pioduced by aldehyde, sacchane acid, salicylous acid, and pyromeconic 
acid, and by vanous essential oils. Of the last-named substances, a 
mixture of oil of cinnamon and oil of cloves is found to produce by far 
the most brilliant speculum, and has lately been brought into use for 
silvering mirrois, m place of the ordinary process with tin and mercury; 
this process is particularly well adapted for curved surfaces. Grape- 
sugar likewise produces a very fine specular silvering in the course of 6 
or 12 hours m the cold, but m 2 or 3 minutes on the application of heat; 
the colour of the speculum is, however, darker than that produced by 
aldehjnle, or by the mixed oils just mentioned Cane-sugar also pro¬ 
duces a mirror with the aid of heat, but not without Gum-arabic and 
starch produce a strongly coloured minor after long boiling, phlorid- 
zme and salicme produce a similar effect. Oil of turpentine and bay-oil 
likewise produce specular deposits, but only from very strong solutions, 
and after a long time, lesm of guiacum acts in a similar manner. Of 
the two oils composing the oil of Jamaica peppei, the one which is 
heavier than water, and possesses acid properties, produces a specular 
film equalling m beauty that which is produced by tbe mixed oils of 
cloves and cinnamon, tbe lighter oil, which is neutral, does not reduce 
silver, even after long boiling Tbe cinnamic, benzoic, mecomc, comemc, 
tannic, gallic and pyrogallic acids, the resins of benzoin, elemi and oliba- 
num, and oil of rosewood, and glycerine, were found by Stenbouse not to 
produce specular deposits. (Ann Fkarm 54, 102 )—Bolley (Jahrb. f. 
Fharni. 18, 384) finds that silver is easily thrown down from cupriferous 
solutions of its salts by cane-sugar, on tlie addition of caustic ammonia or 
potash, and the application of heat The piecipitate, which is metallic, 
may be washed fii&t with hot water, and then with hot acetic acid 

Hydrosulphunc acid and alkaline hydiosulphates, added to silver- 
solutions, thiow down the whole of the silver ra the form of a brownish- 
black sulphide. This precipitation takes place equally well if the silver- 
solution is previously saturated with ammonia. The precipitate is in¬ 
soluble m ammonia and m alkaline hydrosulpbates. It shows itself 
down to the 20,QQ0fch degree of dilution of the silver-salt (Pfaff), m a 
solution containing 1 part of silver m 35000 parts of the solution. 
(Harting, J pr . Chem. 22^ 52 )—The recently precipitated sulphides of 
manganese, cadmium, iron, cobalt, and nickel, likewise throw down 
sulphide of silver from silver-salts (Anthon, J pr. Chem . 10, 353.)—- 
Hydnodic acid and aqueous metallic iodides throw down all the silver in 
the form of a pale yellow iodide. The precipitate is curdy when formed 
in strong solutions, m a dilute solution it merely produces an opales¬ 
cence. Its colour deepens slowly when exposed to light. It is but very 
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sparingly soluble in excess of iodide of potassium, and not sensibly 
soluble m ammonia—which, however, turns it whiter—or in dilute nitric 
acid The reaction with iodide of potassium has its limit in a solution 
containing 1 part of silver-oxide m 30,000 parts of liquid (Hartmg) 
1 part of iodide of potassium dissolved m 500 parts of water, gives a 
yellow precipitate with silver-nitrate, in 5000 water a yellowish-white 
precipitate; m 50,000 water, a white tuibidity, and m 500,000 water, a 
scarcely perceptible opalescence. (Baumann, N' Br. Arch. 29, 214)— 
Iodine likewise produces this precipitate. Hydrobromic acid and aque¬ 
ous metallic bromides throw down all the silver as a yellowish white 
bromide. This precipitate dissolves very sparingly m dilute, but freely 
in concentrated ammonia —Hydrochloric acid and aqueous metallic chlo¬ 
rides precipitate the silver completely in the form of chloride from all 
silver-salts excepting the hyposulphite. The precipitate is curdy when 
formed in strong solutions, but m case of great dilution, it shows itself as 
a milky opalescence in the liquid It turns violet when exposed to 
light. It dissolves very easily in dilute ammonia, sparingly m concen¬ 
trated hydrochloric acid, and not at all in mtiic acid. The opalescence 
shows itself, even when the silver-nitrate is 120,000 times diluted 
(PfafF), with 1 pt silver-oxide in 240,000 pts of liquid. (Hartmg, «/. 
pr. Ckem . 22, 52 ) In a solution containing 1 pt. of silver m 200,000 
parts, hydrochloric acid or common salt produces a veiy slight turbidity; 
if the solution contains only 1 pt of silver m 400,000, the same reagents 
produce a scarcely perceptible opalescence, and if the proportion of liquid 
amounts to 800,000, the opalescence does not show itself for a quarter of 
an hour. (Lassaigne, J Ckim. Med. 8, 583 )—1 part of common salt 
dissolved in 100,000 parts of water, still forms a cloud m a silver-solution. 
(Bostock, N* Gehl 4, 551.)—Chlorine likewise produces this precipitate. 
All insoluble silver-salts are converted into chloride of silver by immer¬ 
sion in aqueous solutions of metallic chlorides, if, however, they have 
been thoroughly dried, the change is not complete for several days. 
(Fischer, Schw . 53, 486 ) 

A very small quantity of ammonia forms, with perfectly neutral 
silver-salts, a slight white turbidity, and a white granular precipitate, 
which turns black on exposure to light, and dissolves in a larger quantity 
of ammonia, forming a clear solution Acid silver-solutions form a per¬ 
fectly clear mixture with ammonia in all proportions. A silver-solution 
supersaturated with ammonia, gives a white precipitate with potash. (H. 
Rose )—All fixed alkalis throw down from silver-salts the brown oxide 
of silver. If the fixed alkali is contaminated with a metallic chloride, 
the precipitated silver-oxide will also be contaminated with chloride of 
silver.—Mono carbon ate or bicarbonate of potash or soda forms a white 
precipitate of carbonate of silver-oxide, so likewise does carbonate of 
ammonia, an excess of it, however, redissolving the precipitate.—Ordi¬ 
nary phosphate of soda gives a yellow precipitate with silver-salts, 
according to PfafF, down to the 10,000th degree of dilution.—Pyrophos¬ 
phate and metaphosphate of soda precipitate them white —Iodate and 
bromate of potash form white precipitates with silver-salts. Both these 
precipitates are easily soluble in ammonia —Chromate of potash throws 
down, from not very dilute solutions of silver-salts, a dark purple-red 
precipitate of chromate of silver-oxide.—Arsenite of potash throws down 
egg-yellow arsenite of silver-oxide. A solution containing 1 part of 
silver oxide m 6000 parts of liquid, still gives a perceptible yellow pre- 
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cipitate, and the reaction reaches its limit with 1 pt. of silver-oxide in 
20,000 parts of liquid (Hartmg ) 

Oxalic acid throws down, from silver salts, a white, pulverulent 
oxalate of silver-oxide Hydrocyanic acid and metallic cyanides pre¬ 
cipitate cyanide of silver, curdy m strong solution^, and producing an 
opalescence m the liquid when \ ery dilute. Sulphocyanide of potassium 
forms a white precipitate of sulphocyanide of silver. Feiroeyanide of 
potassium forms a white, and ferncyanide of potassium a red-brown pre¬ 
cipitate.—All silver-salts which are insoluble m water, dissolve m nitiic 
acid and m ammonia —Silver-oxide forms double salts with many other 
salifiable bases, especially with ammonia 

c. With Ammonia, forming Berthollet's Fulminating Silver, 


C. Peroxide of Silver ? 

First noticed by Ritter —Deposited on the positive platinum wire 
when aqueous nitrate of silver-oxide is placed in the voltaic circuit. The 
silver-solution must be concentrated, otherwise nothing but oxygen is 
obtained at the positive pole, but even when a concentrated solution is 
used, oxygen gas is still evolved, so that, especially towards the end of 
the process, the quantity of silver deposited in the form of peroxide at 
the positive pole is not so great as that which is reduced at the negative 
pole Grove’s battery yields the peroxide more rapidly than an ordinary 
voltaic battery of 60 pairs, but the latter deposits it m a more distinctly 
crystalline form (R Wallquist, J, pr, Chem 31,179) 

Brittle, iron-black octohedrons, united m a series of prisms and needles 
(Wallquist); apparently tetrahedrons. (Grotthuss, Gill. 61, 60, and Sckw 
28, 324.) 

Decrepitates in the flame of a candle and leaves metallic silver. 
(Grotthuss ) Detonates strongly when struck in contact with phosphorus 
or sulphur (Grotthuss.) Aqueous hydrochloric acid converts it, with 
momentary evolution of chlorine, into chloride of silver. (Ritter ) With 
aqueous hypochlorous acid, it yields chloride of silver, oxygen gas, and a 
small quantity of chlorine (Balard ) In a solution of sal-ammoniac, it 
evolves gas and forms chloride of silver, part of which dissolves, and 
with a boiling solution (not w r ith a cold solution) of common salt, it forms 
chloride of silver and free soda, the action being attended with evolution 
of gas. (Fischer.) It dissolves m aqueous ammonia with rapid evolution 
of nitrogen, forming argentate of ammonia. (Grotthuss ) Phosphoric and 
sulphunc acid dissolve it, with gradual evolution of oxygen, forming 
ordinary silver-salts. In nitric acid it dissolves unaltered 

It was at one time universally supposed that this so-called peroxide 
of silver contained only silver and oxygen; and Wallquist quite recently 
believed that he had determined its composition by analysis to be 87*23 
per cent, silver, and 12 77 oxygen, giving the formula AgO 2 , Fischer, 
however, has obtained the following very different results regarding it. ^ 
The peroxide piepared from nitrate of silver-oxide always contains 
nitric acid, and consequently, when heated, gives off yellow vapours with 
slight detonation; moreover, when pulverized and thoroughly washed 
with cold water, it still gives up nitrate of silver-oxide to hot water, but 
retains the property of giving off yellow vapours when heated. Similarly, 
the peroxide prepared from sulphate of silver-oxide, retains a portion of 
sulphuric acid, acid phosphate of silver-oxide, and likewise the acetate, 
VOL. vi. L 
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do not yield peroxide of silver m tlie voltaic circuit. The peroxide 
obtained from the sulphate is not distinctly crystalline, and does not 
decrepitate in the flame of a candle,, m other respects, it is similar to that 
prepared from the nitrate. The amount of silver m the pei oxide is not 
so great as that given by Wallquist, who probably did not beat it stiongly 
enough to decompose the nitrate. (Fischer, Kashi* Arch* 16, 215; also 
J. pr. Chem 32, 108.)—Fischer’s statement, so far as it relates to per¬ 
oxide of silver obtained from the nitrate, is confirmed by the observations 
of Gmehn. The needles, washed with water till the liquid gave no tur¬ 
bidity with hydrochloric acid, and after drying, gently heated m a white 
flask, gave off nitrous fumes, and cold water extracted from the residue, 
a large quantity of silver-nitrate. May not the crystals consist of nitrate 
peroxide of silver 1 


Silver and Carbon. 

A. Carbide of Silver —a Ag 2 C —Silver, fused for three-quarters 
of an hour with lamp-black, takes up about 3 per cent of carbon. 
(Gay-Lussac, Ann. Cam Plugs. 5S, 223)— b AgC.— Remains in the 
form of a dull, yellow lesidue, containing 94 48 p c silver, and 5 52 
carbon, when cummate of silver-oxide is heated to redness m an open 
vessel, it undergoes no alteiation by continued ignition Dilute nitric 
acid dissolves it with separation of charcoal (Geihardt & Cahours.)— 
2. When dicyanide of silver is strongly ignited, there remains a dull 
white, fused carbide of silver, the caibon of which burns only at the sur¬ 
face on ignition in contact with the air, when dissolved m nitric acid, it 
leaves a network of pure charcoal. (Liebig & Redtenbacher, Ann. Pharm 
38, 129 .)—c AgC 2 —Aqueous pyroracemate of silver-oxide, heated for a 
long time in the water-bath, gives off carbonic acid, and deposits a grey 
powder, which acquires metallic lustre when rubbed on the burnishing 
stone, and after being well boiled with carbonate of potash, then washed 
with water and ignited m tbe air, leaves a residue containing 10 51 p c 
of carbon, and 89 49 of silver. Tbe same salt when subjected to dry 
distillation, yields a grey carbide of silver, having tbe metallic lustre, and 
containing more than 14 At, but less than 2 At caibon to 1 At silver. 
(Berzelius, Pogg 36, 2S )—2 Maleatc of silver-oxide, heated till it defla¬ 
grates, leaves a grey, metallic carbide of silver, which may be freed from 
oily matter by washing with water containing caustic potash, and then 
with water acidulated with hydiochlonc acid, and fioni chloride of silver 
by ammonia By ignition in the air, it is converted into pure silver, 
amounting to 90*072 per cent. Nitric and dissolves it, with separation 
of black flakes of charcoal (Regnault, Ann Pham 19, 153.) 

B Carbonate of Silver-oxide, or Silver-carbonate — The state¬ 
ment of Selb, that this salt occurs m nature, has been disproved by 
Walcbner. (Mag Pharm 25, 1.)—Oxide of silver absoibs caibonic acid 
from the air during washing and drying. (Fisher, Kastn . Arch 9, 346 ) 
—The salt is prepared by precipitating nitrate of silver-oxide with mono¬ 
carbonate or bicarbonate of potash or soda, washing the precipitate with 
cold water, and drying it m the shade. The precipitate is white at first, 
but when the soluble salts are washed out, it assumes a yellow colour. 
When carbonate of potash is mixed with excess of a strong solution of 
silver-nitrate, the yellow precipitate is obtained at once. (Fischer) 
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Yellow powder, of a paler colour than tlie phosphate. (Wetzlar, Schiv. 
53, 100.) Specific gravity, 6 0766. (Karsten )—Blackens readily when 
exposed to light, or when gently heated. (Fischer) Easily converted 
into chloride of silver by aqueous hydrochloric acid or by dissolved 
metallic chlorides. (Wetzlar.) 

Setterbei g- 

AgO 116 84 06 84 02 

CO 2 22 15 94 15 90 

HO 0 08 

AgO,C0 2 138 100 00 100 00 

The salt examined by Setterberg was precipitated, either hot or cold, by 
bicarbonate of potash. 


Silver and Boron 

Borate of Silver-oxide, or Silver-borate. — Monobasic —Formed 
by precipitating a moderately dilute solution of silver-nitrate with a 
saturated solution of boiax. The precipitate obtained is exactly the same 5 
whether the borax be poured into the silver solution, or the latter into 
the borax, and whether the borax has or has not been previously ignited. 
If the solution be very dilute—for instance, if the saturated solution of 
borax be diluted with 30 or 40 times its weight of water, its mixture with 
the silver-solution lemams clear at fiist, and, even when the silver-salt is 
in excess, giadually deposits puie biown oxide of silver. Boiate of 
potash, both m the state of concentrated and of dilute solution, produces 
the same reactions as borax under similar circumstances Borate of 
ammonia, m the state of stiong solution, pioduces a precipitate of borate 
of silver-oxide, but m the dilute state, it does not throw down the pure 
oxide.—-White flakes, converted by "drying into a white powder, which 
turns violet, and afterwards black when exposed to light, fuses at a gentle 
heat, and dissolves, without decomposition, in a considerable quantity of 
water. (H. Rose, Fogg 19, 153.) Sexborate of potash likewise produces 
a white precipitate, soluble in a larger quantity of water. (Laurent, comp . 
Tunnermann, Eastn . Arch 20, 28 ) 

H. Bose. 

AgO 116*0 76 92 . 76*5 to 77 71 

BO 3 34*8 23 08 23 5 ,, 22 29 

AgO,BO 3 150 S 100 00 100 0 100 00 

Silver and Phosphorus, 

A. Phosphide of Silver—1. Formed by fusing 1 pt of silver with 
2 parts of glacial phosphoric acid and i pt. charcoal —2. By throwing 
phosphorus on melted silver. As the mixture solidifies, phosphorus is 
set free, and afterwards takes file. (Pelletier.)—3. By fusing 12 parts of 
triphosphate of silvei-oxide (3AgO,P0 5 ) with 1 part of charcoal, at a 
moderate red-heat (Landgrebe, 8chw. 60, 128)—The statement of 
Thomson and Landgrebe ( Schw . 55, 96), that phosphide of silver may be 
precipitated from a solution of the nitrate by phosphuretted hydrogen, 
appears, according to H Rose's experiments (p 141), to be doubtful. 

By 1 and 2 . White, granular, semicrystallme, may be cut with the 
knife, and breaks to pieces under the hammer. Contains 20 per cent, of 

l 2 
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phosphorus, 'which it gives off entirely when ignited in contact with the 
air (Pelletier.)—When prepared by the third process, it forms a loosely- 
aggregated, brittle mass, which is easily cut with the knife, exhibits a 
silvery lustre when rubbed with a file, and contains 33 23 per cent of 
phosphorus, of which it is partially deprived by fusion before the blow¬ 
pipe, and completely by fusion with carbonate of soda (Landgrebe ) 

B. Phosphate of Silver-oxide, or Silver-phosphate— a Triphos¬ 
phate —Silver-oxide, agitated with aqueous diphosphate of soda, deprives it 
of part of its phosphoric acid. (Wetzler, Schio 53, 100.)—The salt is pre¬ 
pared by piecipitatmg nitiate of silver-oxide with diphosphate of ammonia, 
potash, or soda The supernatant liquid contains free nitric acid. (Ber¬ 
zelius, Mitscherlich ) 

3(Ag0,N0 5 ) + 2Na0,cP0 5 = 3AgO,ePO s + 2(Na0,N0 5 ) + NO 5 . 

(Sc7uo. 49 ) If triphosphate of soda be used as the precipitant, the 
supernatant liquid remains neutral. (Graham ) 

3(Ag0,N0 5 ) + 3Na0,cF0 5 = 3Ag0,eP0 5 + 3(Na0,N0 5 ). 

The precipitate earnes down with it a small portion of silvei-nitrate, which 
cannot be completely removed by washing, hence, it gives off a small 
quantity of nitrous fumes when heated (Giaham, Pogg 32, 45.)—Yellow 
powder, having a specific giavity of 7 321 at 7 5° (Stromeyer.) After dry¬ 
ing, it is perfectly anhydrous (Stromeyer), or contains only % per cent, of 
water. (Berzelius.) Assumes a red-brown coloui whenever it is heated 
Fuses at a red-heat like horn-silver. (Berzelius ) According to Stiomeyer, it 
does not fuse even at a strong red-heat; but in the blowpipe-flame, it melts 
into a dark brown liquid, which, on cooling, solidifies m a yellow mass 
When kept for a considerable time in a state of fusion, it is partly con¬ 
verted into pyrophosphate [with reduction of silver?], and is thereby 
rendered more fusible and paler. If heated in the inner coue of a spirit- 
flame, it even becomes white on the suiface after cooling (Stromeyer, 
jSchw . 58, 126.)—The salt blackens on exposure to light. It dissolves 
readily m aqueous phosphoric, mtiic, or acetic acid, and m pure ammonia 
or carbonate of ammonia, less easily in nitiate and succinate of ammonia; 
and imperfectly in sulphate of ammonia. The solution of the salt iu 
nitric acid yields crystals of silver-nitrate, aud may be regarded as a 
mixture of that salt and free phosphoric acid. (Suersen, Scher. J. 
8 , 120 .) 

Berzelius. Stromeyer. 

3AgO 348 0 82 97 82*975 83 455 

cPO 5 71 4 17 0 5 17 025 16 545 

3AgO, cPO 5 419*4 100 00 100 000 100*000 

5. Acid Phosphate. —The yellow solution of the salt a m aqueous 
phosphoric acid. When evaporated, it first yields crystalline grains, 
which appear to consist of the salt a, then, if left to spontaneous evapo¬ 
ration, it deposits white, feathery crystals, which appear to be the 
diphosphate (2AgO, HO,cP0 5 ), but are immediately converted into the 
salt a by contact with water. A solution of silver-nitrate mixed with a 
large quantity of ordinary phosphoric acid, still yields these crystals on 
evaporation at a gentle heat (Berzelius, Ann. Chim Phys 2, 163) 

IF. Schwarzenberg did not succeed in obtaining ciystals by this pro¬ 
cess; but on evaporating the solution to a syrupy consistence, and mixing 



SILVER-METAPHOSPIIATE. 


149 


it with ether, great heat was evolved, and a white crystalline powder sepa- 
lated, which was washed with absolute alcohol, to lemove the free phos¬ 
phoric acid adheimg to it. It blackened on exposure to light, and was 
decomposed by water, yielding the yellow triphosphate and free phos¬ 
phoric acid. It gave no water at 100°, but at 170 3 evolved 2 87 per cent, 
of water, and was converted into the j^yrophosphate. 

dried at 100° 
Schwarzenberg. 

2AgO 232 0 74 26 73 45 

HO 9 0 2 88 3 03 

BO 5 71 4 22 86 23 52 

2AgO,HO,P0 5 312 4 100 00 100 00 

The salt probably still contained free phosphoric acid. (Schwarzenberg, 
Ann Thai in 65, 162.) T. 

C Pyrophosphate of Stlyer-oxide, or Silver-pyrophosphate — 
a Bibcisic —Formed by precipitating nitrate of silver-oxide with dipyro- 
phosphate of soda The supernatant liquid is neutral. (Clark, Schw. 

57, 421 ). 

2(Ag0,X0 5 ) + 2NaO,&POs = 2Ag0,Z>P0 5 + 2(Na0,N0 5 ). 

At the first instant of precipitation, the precipitate appears to contain 
combined water, but soon parts with it. (Stromeyer ) Nitrate of silver- 
oxide added to an aqueous mixtuie of oidmary phosphate and pyrophos¬ 
phate of soda, throws down first the yellow salt, and afterwards the white. 
(Stromeyer) 

White powder, of sp. gr 5 306, at 75°, contains no water. Fuses 
somewhat below a red-heat, without any decomposition, and forms a dark 
brown liquid, which on cooling, solidifies m a white, radiated mass. 
Assumes a reddish colour on exposuie to light When boiled with 
ordinary diphosphate of soda, it is immediately decomposed, yielding 
ordinary yellow triphosphate of silver-oxide, and aqueous pyrophosphate 
of soda. [Probably in this manner 2 

3(2Ag0,M>0 5 ) + 2(2Na0,eP0 5 ) = 2t3AgO J cPG 5 ) + 2(NaO,6PO^) + 2NaO,5PO s . 

According to this, the water should contain both monopyrophosphate and 
dipyrophosphate of soda ] The salt dissolves readily m cold nitric acid, 
but when boiled with either nitric or sulphuric acid, it is converted into 
the ordinary phosphate, so that the solution gives a yellow precipitate on 
the addition of ammonia Aqueous hydiochlouc acid converts it into 
chloride of silver and free phosphoric acid It dissolves with tolerable 
facility m ammonia, and is thrown down unchanged by acids Insoluble 
in acetic acid, and not altered by boiling with water. (Stiomeyer, Sclrn, 

58, 126 ) Insoluble in solutions of the pyrophosphates; very slightly 
soluble in silver-nitrate (Schwarzenberg.) 

Berzelius. Stromeyer. Schwartzenberg. 


2AgO 

232 0 

76 47 

76*35 

75 39 

76 23 

iPO 5 

71 4 

23 53 

23 65 

24 61 

23 77 

2AgO j) 6P0 5 

303 4 

100 00 

100 00 

100 00 . 

100*00 


D. Metaphosphate of Silver-oxide, or Silver Metaphosphate — 
a Sesquihasic —The monobasic metaphosphate of silver-oxide 5, immersed 
in boiling water,%liile recently precipitated and still moist, or the powder 
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introduced into cold water, and gradually raised to the boiling heat, fuses 
quickly into a grey viscid mass, having the consistence of turpentine, and 
capable of being drawn out into threads, it must be washed with cold 
water A small quantity of the monobasic salt remains undecomposed m 
the middle of the mass, the hot water, when poured off and evaporated, 
deposits a white ciystalhne crust of monobasic salt. The salt is solid 
after cooling, and fuses alone less easily than under water It is gradually 
decomposed by the continued action of boiling water. (Berzelius, Pogg . 
19, 331.) 

Berzelius. 

3AgO 348 0 70 90 .. 69-53 

2aPQ 5 142 8 29 10 30 42 

~3AgQ,2aP0 5 490 8 100 00 " 100 00 

h 1 fonobcisic —Formed by mixing a solution of silver-nitrate with an 
aqueous solution of recently ignited phosphoric acid, prepared with ice- 
cold water (Beizelms), or with a solution of mono-metaphosphate of soda. 
(Graham ) The gelatinous flakes must be washed with a small quantity 
of cold water. The white, pulveiulent salt becomes soft and semi-fluid at 
100°, and at a somewhat highei tempeiature, fu&es into a transparent and 
colourless liquid, which on cooling solidifies m the fonn of a ciystallme 
glass, and then flies to pieces Cold water slowly takes up part of its 
acid, but boiling water slowly resolves it into an acid solution and the 
salt a. (Berzelius ) 

Bet zelius. 

AgO . 116 0 61 90 64 52 

gPO 5 . 71 4 38-10 35 48 

AgO aPO 5 137*4 ' 100 00 100 00 

As the salt had lost some of its acid during washing, it gave rather too 
much oxide of silver by analysis. (Berzelius.) 

IT. A ciystalhzecl metaphosphate, containing 2 At. water of crystal¬ 
lization to 3 At. base and 3 At acid, has been obtained by Fleitmann and 
Henneberg, by mixmg the solution of the corresponding soda-salt with a 
very laige excess of silver-mtiate When this salt is fused, the water 
escapes with intumescence 


3AgO 

348 

59 80 

Fleitmann & Henneberg. 
58*62 

3aP0 5 

216 

37 11 

38 21 

2HO 

18 

3 09 

3*17 

3(Ag0,<zP0 5 ) + 2Aq. 

58-2 

100 00 

100*00 


The salt does not alter in weight when left over sulphuric acid. When 
heated in the water-bath it gives discordant results, m consequence of a 
peculiar decomposition which it undergoes, for when about half the water 
has gone off, the salt acquires an acid reaction, becomes soft, and on sub¬ 
sequent exposure to the air, takes up more than 3 per cent of water, 
which it gives np again at 100°, appearing to he thereby converted into 
the ordinary metaphosphate 5. This salt is distinguished by the great 
permanence of its solution m cold water. It may be obtained in crystals 
from a solution strongly acidulated with nitric acid. In prepaiing this 
compound, it is necessary to use a very large excess of the silver-nitrate, 
otherwise crystals are obtained, consisting of a double metaphosphate of 
silver-oxide and soda (Fleitmann & Henneberg, Ann. Pharm 65, 310.) 

According to Fleitmann, silver-oxide fuses very easily with excess 
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of phosphoric acid, forming a clear glass, from which a crystalline salt 
slowly separates on cooling. This salt consists of small shining, crystal¬ 
line scales, perfectly insoluble in water. When treated with sulphide of 
sodium, they yield oidmary deliquescent mefcaphosphate of soda {Ann. 
Pkarm 72, 246 ) IT 

Acid Jletaphosphate . — 1 The aqueous solution produced by boiling 
the salt b with water—2 Siiver-ci uci hies m which phosphouc acid is 
fused are attacked by it, phosphide of silver and acid phosphate of silver- 
oxide being produced. (Bucholz ) 

Fieitmann and Henneberg have likewise obtained the compounds 
6Ag0,4P0 5 and 6Ag0,5P0 5 , by double decomposition with the corre¬ 
sponding soda-salts. {Ann. Pkarm. 65, 330.) 


Silver and Sulphur 

A Sulphide of Silver. —Occurs m nature in the form of Silver- 
glance. Foimed by heating silver-plates arranged m alternate layers 
with sulphur, or by fusing silver with potash-liver of sulphur, and 
exhausting with water. Precipitated in black-brown flakes on treating 
silver-oxide or silver-salts with kydiosulphurie acid or alkaline hydrosul¬ 
phates Obtained by Becquerel m octohedrons by the galvanic process 
(I. 402 ) Foims the yellow, and afterwaids brown film, with which silver 
vessels become tainifelied when exposed to the sulphurous exhalations 
pioceeding fiom the human body, from sewers, &c. (Pioust ) The native 
sulphide ciystallizes m the forms shown m figures 1, 2, 3, 4, 5, 8, 10, and 
11. Sp. gi. 7 0 The artificially piepaied sulphide has a density of 
6 8501 (Karsten ) Both the natural and artificial varieties are malleable, 
of a blackish grey colour, and very fusible 

Vauquebn. Berzelius. Wenzel. Klaproth. 

native. 

Ag 108 . 87 097 87 27 . 87*032 85 5 85 

S , 16 12 903 12 73 . 12 968 14 5 15 

AgS m fob ooo ioo oo ioo ooo " ioo*o ioo 

When heated m the air, it is resolved into sulphurous acid gas and 
metallic silver, when it is loasted at a gentle heat, a small quantity of 
sulphate is likewise produced (Larranaga, Gdb 22, 304 ) When fused 
with iron, it yields sulphide of iron and metallic silver; with lead, the 
products are sulphide of lead and an alloy of lead and silver Heated 
to redness in hydrogen gas, it forms sulphuretted hydiogen and metallic 
silver (H. Rose) Heated to redness m a current of aqueous vapour, it 
yields sulphuretted hvdrogen, and becomes partially covered with metallic 
silver (Regnault.) Not decomposed by chlorine gas m the cold, very 
slowly when heated (H Rose, Pogg 42, 540 ) In this reaction, 100 
parts of sulphide of silver yield 115 43 chloride [or 124 yield 143 33]. 
(Fellenberg, Pogg. 50, 72 ) Dissolves in tolerably strong sulphuric acid, 
with separation of sulphur Not decomposed by aqueous protochloride of 
copper (Boussmgault) If, however, the copper-solution contains common 
salt, the sulphide of silver becomes conveited into chloride of silver and 
sulphide of copper 100 parts of sulphide of silver treated in this manner 
fox a few days, yield 146 parts of a mixture of chloride of Bilver and sul¬ 
phide of copper In the first instance, half of the sulphide of silver acts 
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upon the protocliloride of copper, forming chloride of silver, free sulphur, 
and dichlonde of copper, which remains dissolved m the common salt: 

AgS -r 2CuCl = AgCl + S + Cu 2 CI. 

Afterwards, the dissolved dichlonde of copper and the other half of the 
sulphide of silver, form chloride of silver and disulphide of copper. 

AgS + Cu 2 Cl = AgCl + Cu e S 

Hence, sulphide of silver likewise undergoes decomposition m a solution 
of dichloride of copper in common salt (Boussingault, Ann Chim . Phys . 
51, 350) [The calculation grven by Boussingault for the latter half of 
this reaction leads to the supposition that protosulphide of copper is pro¬ 
duced together with the chlonde of silver, although disulphide of copper 
must nevertheless be foimed ] Sulphide of silver is insoluble in aqueous 
ammonia Tt is only when precipitated m company with chloride of 
silver, that it partly dissolves together with the latter (Gredy, Compt 
rend 14, 757 ) It is insoluble m aqueous sulphurous acid (Berthiei), and 
in solution of mercuric nitrate (Wackenroder) 

B Hyposulphite op Silver-oxide, or Silver-hyposulphite — 
When a dilute neutral solution of silver-nitrate is dropped by small quan¬ 
tities at a time into dilute h}qposulphite of potash, the white turbidity at 
first produced disappears again on agitation, as the quantity of silver- 
solution is incieased, giey flakes are produced, and the supernatant liquid 
acquires a very sweet taste, arising from dissolved hyposulphite of silver- 
oxide, and is no longer preoipitable by common salt, but gives a precipitate 
with sulphuretted hydrogen When a still larger quantity of the silver-solu¬ 
tion is added, the precipitate suddenly turns biown, and is afterwards con¬ 
verted into black sulphide of silver, and the supernatant liquid no longer 
tastes sweet, but gives a precipitate with common salt If the solution of 
hyposulphite of potash he mixed at once with the quautity of silver- 
solution required to decompose it, the pieeipitate, which is white at first, 
soon passes through pale yellow, greenish yellow, yellowish brown, and 
red-biown, into the brown-black colour of sulphide of silvei A solution 
of the potash-salt, which contains only 1 pt of hyposulphmous acid m 
97 800 of water, still assumes a biown tint in a few minutes, when mixed 
with a solution of silver 

The salt is prepared by adding a moderately dilute solution of silver to 
an excess of tolerably concentrated hyposulphite of potash—washing the 
precipitated grey mixture of hyposulphite and sulphide of silver with cold 
water on a filter—extracting the hyposulphite of silver-oxide with am¬ 
monia—precipitating it from the solution by exact neutralization with 
nitric acid—and drying it as quickly as possible by pressure between paper 
Snow-white powder, having a sweet taste Slightly soluble m water 
(Herschel, Edinh Phil J 1, 26, 2, 154) Easily decomposed into sul¬ 
phuric acid and sulphide of silver (H. Rose ). 

Ag0,S-0 2 = AgS+S0L 

Hyposulphite of silver oxide combines with other hyposulphites, 
forming Double Silver-hyposulphites The hyposulphites of silver-oxide 
and the alkalis are obtained by dissolving one of the following substances 
in an alkaline hyposulphite viz hyposulphite of silver-oxide, or the pure 
oxide (in which case a portion of the alkali is set free), or a salt of silver- 
oxide, or chloride of silver, in which cases, another alkali-salt is formed at 
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the same time These salts may be precipitated from their aqueous solu¬ 
tions by alcohol ; and washed with the latter liquid They taste very 
sweet; and are decomposed by a moderate heat; hence they must be dried 
in vacuo over oil of vitiiol at ordinary temperatures (Heischel ) 

IT Pextathionate of Silver-oxide —Nitrate of silvei-oxide, 
added to a solution of pentatluomc acid; forms a yellow precipitate, 
which soon turns black from decomposition (Kessler; vid. II, 164 ) ®f[ 

C. Tetrathionate of Silver-oxide —Tetiathiomc acid forms, with 
solution of silvei, a white precipitate, which in a few seconds turns 
yellow and then black. (Fordos K Gelis ) 

D. Trithioxate of Silver-oxide — The yellowish white precipitate 
produced by tritkiomc acid, quickly turns black m consequence of the 
formation of sulphide of silver and sulphate of silver-oxide. (Langlois.) 

E Sulphite of Silver-oxide, or Silver-sulphite —Formed by 
precipitating a solution of the nitrate by aqueous sulphurous acid, not m 
excess, or by an alkaline sulphite. Even the free acid thiows down 
nearly all the silver. (Bertkier )—An excess of the acid exerts a decom¬ 
posing action (Muspratt), and the precipitate is converted into metallic 
silver when left for a long time m the liquid, or immediately on boiling. 
(H. Rose, Pogg. 33, 240 ) An excess of the alkaline sulphite would re- 
dissolve the precipitate. (H Rose)—"White granular precipitate (Ber¬ 
th ler.) It resembles chloride of silver, contains no water, and has an 
unpleasant taste (Muspratt, Ann. Pharni . 50, 2S6 )—'The salt, when 
exposed to the air [and light'*], becomes daik purple, and afterwards 
black (Muspratt) When heated to 100 J , either alone or under water, 
it is resolved in sulphate of silver-oxide and metallic silver. (Bertkier ) 
[At the same time, perhaps, sulphurous acid is set fiee * 

2(AgO,S0 2 ) = Ag + Ag0,S0 3 + SO 2 ]. 

The decomposition is quicker and more complete if the water contains a 
small quantity of sulphite of potash. (Bertkier) Even the presence of 
sulphurous acid in the water favours the decomposition (Muspratt.) 
The salt gives off sulphurous acid at a temperature short of commencing 
redness, and leaves a residue of silver, together with sulphate of silver- 
oxide, which, at a higher temperature, is resolved into silver, oxygen 
gas, and sulphurous acid The residual silver amounts to 73 62 per cent 
(Muspratt)—The sulphurous acid is expelled fiom the salt by stronger 
acids, hut not by acetic acid (Berthier, N. Ann. Ckem Phys 7, 82.)— 
The salt is insoluble m water, according to Berthier, very slightly, 
according to Muspratt, it scarcely dissolves m aqueous sulphurous acid, 
hut easily in ammonia (Berthier) It dissolves in aqueous alkaline 
sulphites, forming double salts which easily decompose. 

Muspratt 

AgO 116 78 38 79 02 to 77 76 

SO 2 32 21 62 

AgO,SO 2 148 ~ 100 00 ~~ 

F. Hyposulphate of Silver-oxide, or Silver-hyposulphate. — 
Formed by dissolving the carbonate of silver-oxide in aqueous hyposul- 
phuric acid.— Crystalline system the right prismatic. Fig. 66, a : a 1 = 
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127°; a . a baekwaids = 126° , a : y = 153° 30% a • the face between 
a and if = 161° 36% a u = 129° 35% u m = 135° 26% « £ = 134° 
34L—The crystals are permanent m the aii , blacken when exposed to 
light; and aie resolved by heat into a grey powder, winch, when dis¬ 
solved m boiling water, leaves a small residue of sulphide of silver. 
Soluble m 2 parts of water at 16° (Heeren.) 

Ciystalhzed Heeren. 

AgO 116 56 31 . 56 15 

S : Q 5 72 31 95 

2HO 18 8 74 

______ _ - — 00 

G Sulphate of Silver-oxide, or Silver-sulphate—F ormed by 
boiling silver-filings with pt ol oil of vitriol, the action being attended 
with evolution of sulpkuious acid—2 By dissolving the oxide or car¬ 
bonate of silver m dilute sulpkuiic acid —3. By mixing a solution of the 
nitrate with sulphuric acid, and evaporating to diyness—4. By pre¬ 
cipitating the nitrate with Glauber’s salt, and washing the precipitate 
with a small quantity of cold water The finest crystals of this salt are 
obtained fiom its solution in mtnc acid (Vitscherhch ) White crystals, 
belonging to the light prismatic system, very small, and shining, they 
contain no water. They are lsomoiphous with anhydrous sulphate and 
selemate of soda, permanganate of baiyta, and seleniate of silver-oxide. 
Fig 59, a . a n = 136' 20% a .a = X2o J 11'. (Mitscheihch, Fogg. 12, 138; 
25, 301.) Specific gravity 5 841 (Karsten ) It requires a very high 
temperature to decompose it, being then resolved, after previous fusion, 
into metallic silver, sulphurous acid, and free oxygen. (Gay-Lussac) 
When mixed with chaicoal, it is decomposed at a dull red-lieat, yielding 
metallic silver, and a mixture of caibonic and sulphurous acid gases m 
equal volumes (Gay-Lussac, J. pr. Chem. 11, 70 ) Soluble in 87 paits 
of water, and in a smaller quantity of mtnc acid It dissolves more 
abundantly m oil of vitriol, and is partly piecipitated fiom the solution 
on the addition of water. (Schnaubert Von dei Vericandtschajt , § 65 ) 


AgO 

116 

74 36 

SO-* 

40 

25 61 

AgO,SO 3 

156 

100 OO 


The following reaction of silver with sulphuric acid deserves more 
minute examination . Of a silver plate weighing 20 grains, and placed in 
a stoppered bottle with 2 diams of anhydrous sulphuric acid at ordinary 
temperatures, 6 grains dissolve without any evolution of sulplimous acid, 
and form a transparent brown liquid. The action of the anhydrous acid 
on the silver begins immediately, and the solution blackens the fingers, 
like other silver solutions. Fuming oil of vitriol likewise dissolves silver 
in the cold, and even common English oil of vitriol does the same, if 
previously concentrated by boiling (A. Vogel, Kccstn. Arch. 16, 108 ) 

H. Sulphocarboxate of Silver. —Aqueous sulpliocarhouate of 
calcium mixed with nitrate of silver-oxide, forms a dark brown pre¬ 
cipitate, which dissolves in excess of the calcium-salt, yielding a dark 
biown solution. The precipitate, after drying, is black, shining, and 
difficult to pulverize; and wffien distilled, gives off a large quantity of 
sulphur with a small quantity of sulphide of caibon, and leaves sulphide 
of silver mixed with chaicoal (Berzelius ) 
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I. Sulphide of Phosphorus and Silver. — a. Hyposidphophosphite 
of Silver —a Bibasic —2AgS,PS Formed by igniting b or c. Dark 
brown powder—j3. Monobasic Silver reduced fiom the chloride by zinc 
and hydrochloric acid, then washed with hydrochloric acid and after- 
waids with water,, and dried at the ordinary temperatuie, is moistened 
with protosulplnde of phosphorus m the bulb-appaiatus already described. 
(II, 213 and V, 26), and very gently heated m a stream of hydrogen gas 
Combination takes place, attended with evolution of heat; and a sulphide 
of phosphorus containing a largei pioportion of the latter element 
volatilizes, the lest of the excess of sulphide of phosphonis is removed 
by gentle heating m the current of hydrogen. If the silver is dried at a 
higher temperature, even at 60°, its greyish colour changes to silver- 
white, and it no longer combines so completely with the sulphide of 
phosphorus, so that spangles of silver remain mixed with the compound. 
Sulphide of silver previously prepared, likewise combines, hut very im¬ 
perfectly, with sulphide of phosplioius The compound is Mack m mass, 
and yields a daik violet-brown powder. Heated to low ledness m a 
retort, it changes to a pasty liquid, then gives off protosulphide of phos¬ 
phorus with strong intumescence, and leaves a residue of sulphide of 
silver. (Berzelius, Ann Pharm 46, 254.) 

Berzelius. 

Ag 108 0 63 01 63-76 

P 31 4 18 32 18*00 

2S 32 0 18 07 18*25 

AgS,P8 171 4 100 00 100*01 

b SidphopJiospJute of Silver When finely-divided silver is heated 
with sulphur and phosplioius m a cuirent of liydiogen gas, combination 
takes place with the greatest violence, the greater part of the excess of 
phosphorus being volatilized the rest must be driven off by heating the 
product m a stream of hydrogen. Grey mass, easily reduced by tritura¬ 
tion to a light yellow powder, containing a few metallic spangles. 
Heated to commencing ledness in a retort, it gives off sulphur, and leaves 
the dark brown compound I, a, a. Dissolves very readily m nitric acid, 
without separation of sulphur. (Berzelius.) 

Berzelius. 

2Ag 216 0 65*98 . 66 30 

P< 31 4 9 59 8*24 

5S 80 0 24*43 25 48 

2AgS,PS 3 327 4 100 00 100 02 

c SkI phopitosphate of Silver, 2AgS,PS 5 . When the compound a, ft 
(4AgS,PS) is gently heated with 4 atoms of sulphur, the whole melts; 
half of the resulting pentasulphicle of phosphorus volatilizes, and, on 
cooling, there remains a biownish orange-yellow mass, which yields a 
deep yellow powder, and, when ignited out of contact of air, gives off 
sulphur, and is converted into 2AgS,PS. (Berzelius ) 


Silver and Selenium. 

A. Protoselenide of Silver.— Found native in combination with a 
small quantity of selemcle of lead. Silver fuses readily with selenium 
It is blackened by selenium vapours, selenious acid, and selemuretted 
hydrogen. The last-mentioned substance forms, with silver-nitrate, a 
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black precipitate, which becomes dark grey when dry, and when heated 
to redness, fuses without giving off selenium, and forms a silver-white, 
somewhat ductile globule. This compound does not pait with the whole 
of its selenium when heated in the air for any length of time—not even 
when fused with borax, alkalis, or iron, which last, however, enters into 
combination with the selemde of silver, forming a dark grey, granular 
compound. Selemde of silver dissolves in boiling nitric acid, forming a 
solution of selenite of silver-oxide, which separates m the crystalline 
form on cooling, and in the pulverulent form when mixed with water. 
(Berzelius.) 

Native selemde of silver occurs in thin plates with the cleavage-planes 
of the cube, its specific gravity is 8 00. It is harder than rock-salt, 
malleable, but less so than sulphide of silver, opaque, with a strong lustre; 
iron-black, and produces a streak of the same colour. When fused m a 
glass flask, it yields a scanty sublimate of selenium, and above that a sub¬ 
limate of selenious add. On charcoal, in the outer blowpipe flame, it fuses 
quietly, m the inner, with intumescence, and becomes red-hot again as it 
solidifies. Heated on charcoal with caibonate of soda, it yields a metallic 
globule, which, on cooling becomes covered with a black film _ but, on 
the addition of borax, is reduced to the state of pure silver, which remains 
bright Dissolves very slowly m dilute nitric acid, but with tolerable 
facility m the fuming acid (0. Rose, Fogg. 14, 471.) 



Artificial . 

Berzelius. 


Native 

G. Rose. 

Ag 

108 

72 97 

73*16 

13Ag 

1-104 

67 80 

65 56 

Se 

40 

27 03 

26 84 

Pb 

104 

. 5 03 

4 91 





Fe 



trace 





14Se 

560 

27 08 

25*93 

AgSe 

148 

100 00 

100 00 


2068 

100 00 

. 96 40 


B, Biselenide of Silver. —To form this compound, selemde of silver 
precipitated by seleniuretted hydiogen is heated with excess of selenium, 
and the too great excess is removed by heating the product out of con¬ 
tact of air. Grey, somewhat malleable , fuses below a red-heat, forming 
a mass with specular surface When ignited out of contact of air, it does 
not give off selenium, but if the air has access to it, half the selenium 
goes off, and the compound A remains. 


Calculation , 

according to Berzelius 

Ag 

108 

57 49 

2Se 

80 

42 51 

AgSe 2 

188 

100*00 


C. Selenite of Silver-oxide, or Silver-selenite —Ag0,Se0 2 — 
Selenious acid added to nitrate of silver-oxide, throws down the mono¬ 
selenite in the form of a white powder. The same salt crystallizes in 
needles from a nitric acid solution diluted with hot water. It is not 
blackened by light. Fuses almost as easily as horn-silver, forming a clear 
liquid, which, on cooling, solidifies in a white, opaque mass, friable, and 
having a crystalline fracture. When moie strongly ignited, it gives off 
selenious acid and oxygen gas, and becomes covered wuth metallic silver 
Dissolves very sparingly in. cold water, somewhat more freely m hot 
water, and easily m nitric acid, from which it may be precipitated by cold 
water. (Berzelius ) 
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Berzelius. 

AgO 116 67 44 67*29 

SeQ 2 56 32 56 32 71 

Ag0,Se0 2 172 100 00 100 00 

D Seleniate of Silver-oxide, or Silyer-selenfate. —Crystal¬ 
lizes m the same form as the sulphate Fig. 59. a a" = 135° 42', 
a :a l = 123° 30'. (Mitscherlich ) 

Silver and Iodine 

A Iodide of Silver —Round native. Formed when silver and 
iodine are heated together, also as a precipitate, on mixing a dissolved 
silver-salt with bydnodic acid or an aqueous metallic iodide —Pale 
yellow, turns biown on exposure to light, but less quickly than the 
chloride ; fuses at a low red heat, forming a red liquid, which solidifies 
as a soft mass on cooling (H Davy ) The solidified mass is of a dirty 
yellow colour, opaque, and has a granular fiacture. (Beizelius.) Sp. gr. 
5 0262 (Karsten), 5 614 (Boullay). Assumes a deep yellow colour 
when heated. When paper is saturated with a solution of silver, and 
then with a dilute solution of iodide of potassium, the precipitated iodide 
of silver imparts to the paper a pale yellow colour, which becomes darker 
when heated, but resumes its original pale colour on cooling, even when 
touched with the cold finger Any part of the paper moistened with 
potash turns white, and remains white when heated, similarly with 
ammonia, excepting that the latter gradually evaporates, and conse¬ 
quently the dark coloui is produced on the application of heat (Talbot, 
FhiL Mag J. 12, 258, also Fogg 46, 326 ) The experiment may be 
better made upon porcelain, inasmuch as the paper easily burns away. 
(Erdmann, J. pr Chem 14, 123)—Volatilizes before the blowpipe, pro¬ 
ducing a green flame, and a white, penetrating smoke, and leaving only 
a small quantity of silver on the chaicoal Fused with hydrate of potash, 
it yields metallic silver, iodide of potassium, and oxygen gas. (H Davy.) 
—Zinc and iron, when water is present, separate metallic silver from the 
iodide; antimony and bismuth have no action upon it, even on boiling; 
aqueous potash or soda gives it a brownish colour, and decomposes it 
imperfectly, caibonate of potash or soda alteis its colour, but slightly, 
and the carbonates of baryta, stiontia, and lime, as well as pui*e strontia, 
lime, and baiyta do not act upon it m the humid way Iodide of silver, 
exposed to a current of chloime gas at ordinary temperatures, turns 
white, takes up chlonne, and then, on the application of a gentle heat, 
gives off its iodine. In this reaction, 234 pts. (1 At) of iodide of silver 
yield from 3 42 5 to 143 3 and 145 5 of chloride. (Berzelius, Pogg. 14. 
558.)—Strong nitric or sulphuric acid expels iodine from it, and converts 
it into nitrate or sulphate of silver-oxide, on the addition of water, part 
of the iodine is restored to its place.—Dilute sulphuric acid has no action 
on iodide of silver, neither has phosphoric acid. (Braudes, Schw. 61, 
255.) A solution of mercuric nitrate dissolves iodide of silver. (Preuss ) 
—Aqueous ammonia causes iodide of silver to assume a paler colour, and, 
according to H Rose ( Pogg 31, 583), dissolves a trace of it 1 part of 
iodide of silver dissolves m 2510 parts of aqueous ammonia of specific 
gravity 0*96. (Martini, Schw 56, 154.) Water does not dissolve iodide 
of silver; concentrated solutions of the chlorides of potassium and sodium 
dissolve it in considerable quantity. 
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46 15 
53 85 

100 00 


108 
126 

Agl 234 

The native iodide of silver from Mexico is malleable, tianslueent, and 
of a pearly grey colour. (Noggeiatb, Schw. 51, 363 )—Befoie the blow¬ 
pipe, it fuses very easily, turns red, and colours the dame violet (Del 
Bio, Seim 50, 494 ) Comp. Vauquelm {Ann Chun. Flips. 29, 59, also 
Schw 45, 26). 

B. Iodate of Silver-oxide, or Silyer-iodate. —Formed by preci¬ 
pitating a solution of silver-nitrate with iodic acid (Gay-Lussac), or iodate 
of soda (Bammelsberg) —White precipitate. (Gay-Lussac ) Crystallizes 
from the ammomacal solution in small, brilliant, ioctangular prisms, fiee 
from ammonia (Bammelsberg, Fogg 44, 572 )—Decomposed bv heat 
into oxygen gas and iodide of silver (Benckiser, Bammelsberg ) Hydro¬ 
chloric acid decomposes it, forming chloride of silver, terchlonde of 
iodine, water, and chlorine gas (Filhol) * 

AgO JO 5 -r 6HCI = AgCl -}-1 Cl 3 + 6HO + 2C1 
Dissolves in ammonia, foimmg a liquid from which sulphuious acid 
precipitates iodide of silver (Gay-Lussac, Gilb 49, 255 ) Sparingly 
soluble in nitric acid (Benckisei, Ann Pharm. 17, 255 ) 


Benckisei 



Ago 

116 

41 13 

40*57 


IQS 

166* 

58 87 

59*43 


AgO,IQ 5 

282 

100 00 

100 00 

Or 

Agl 

234 

82 98 


Benckiser 

82 17 

Rammelsbeig. 
83 Si 

60 

48 

17 02 


17 83 

16 16 


2S2 

100 00 


UK) 00 

100 00 


C. Periodate of Silver-oxide, or Silver-periodate — a Fibasic . 
— a. J/ ouo-Jtydicited —On tieating the tei-liydiated salt with waxm 
water, which does not dissolve any of it, this compound remains in the 
form of a daik, red-brown mass, winch yields a led powder, and, when 
ignited, is resolved into 17 25 per cent, of oxygen gas 1 '95 of water, 
and SO 44 of a mixtuie of silvei and iodide of silver —/3. Ter-hydi ated .— 
Formed by mixing nitrate of silver-oxide with a solution of bibasic per¬ 
iodate of soda in dilute nitric acid, washing the pale green precipitate 
with water acidulated with nitnc acid, and dissolving it in warm, dilute 
nitric acid, from which the salt separates in shining, straw-yellow crystals 
on cooling. When heated, it is resolved into 16 66 per cent of oxygen 
gas, 6 17 of water, and 77*30 of a mixture of iodide of silver and metallic 
silver. Both a and $ dissolve m warm nitric acich On leaving the 
solution to cool, the yellow salt sepaiates out, hut if the solution be 
evaporated, the nitric acid withdraws half the oxide of silver, and allows 
the monobasic salt to crystallize out (Ammermuller Magnus.) 

Ammei mu] ier Ammeirr uller 

& Magnus. & Magnus. 


2AgO 

232 

5 i 85 


2AgO 

252 

52 Cl 


IO? 

182 

43 02 


iO‘ 

182 

41 27 


HO 

9 

2*13 

1 95 

3HO 

27 

6 12 

6*17 



100 00 
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b. Monobasic. Formed when the solution of the salt a, ft in warm 
nitnc acid is evaporated with the aid of heat The salt then separates, 
even before cooling, in orange-yellow, anhydrous crystals, which are 
resolved by heat into oxygen gas and iodide of silver When immersed 
in cold water, which takes up half the acid without any of the oxide of 
silver, they fall to pieces and produce a straw-yellow powder, consisting 
of the tei-hydrated bibasic salt, m waim water they are conveiied mto 
the red mono-hydiated salt a, a Both tbe monobasic and the bibasic 
salt, when boiled with water or mtnc acid, yield traces of icdate of silver- 
oxide, easily recognized by its white colour and sparing solubility. 
(Aminermuliei & Magnus, Pogg 28, 516.) 

Ammermullei 

Or & Magnus 


AgO 

116 

38 92 

Agl 

234 

78*52 

78 58 

IQ 7 

182 

61 08 

80 

64 

21 48 

21 25 

AgO,IQ' 

298 

100 00 


298 

100 00 

99 83 


Silver and Bromine. 

A Bromide oe Silver. —Found native—1. A solution of silver- 
nitrate mixed with aqueous hydrobromic acid or bromide of potassium, 
yields a 3 ^ellowish white precipitate (Balard ) The same precipitate is 
fcrmed by bromine On adding a silver-solution in small successive 
portions to an aqueous mixture of hydrobromic and liydiochlonc acids, 
biomide of silver is first precipitated, -which assumes a pure grey colour 
on exposure to light—the chloride, winch is coloured violet by the action 
of light, not being piecipitated till afterwards (Beithier, Ann Ghim. 
Phjs 77,417) 

The precipitate dned m the shade is yellow (Balard), of specific 
gravity 6 3584 (Karsten), and when heated, fuses mto a reddish liquid, 
which, on cooling, solidifies m a yellow, translucent, horny mass (Balard.) 
Crystallizes m octohedrons from its solution m aqueous hydrobromic 
acid (Lowig.) 

Balard. Lowig. 

Ag . .. 108*0 57 94 58*9 .. 58 95 

Br.... . 78*4 ..42 06 41 1 41*05 

AgBr ' 186 4 100 00 100 0 100 00 

The precipitate blackens if exposed to light while moist, but not so 
quickly as the chlonde (Balaid) The action of light does not turn it 
violet, like the chloride, but puie grey (Bertbier.)—Bromide of silver, 
strongly ignited with caihonate of soda, yields silver and bromide of 
sodium, but at a lower tempeiature, it fuses with the carbonate of soda 
into a turbid mass, from which the caibonate of soda may be dissolved 
out by water m its oiigmal state (Beizelius, Lehi b ) With zinc and 
dilute sdphunc acid, it yields metallic silver (Balard) When heated 
in a stream of chloime gas, it is converted mto chlonde of silver, but 
much less quickly than the iodide. (Berzelius, Pogg 14, 565.) When 
diffused through water, it is immediately decomposed by chlorine. (Ber- 
thier.)—Aqueous hj'pochloious acid comerts it into chloride of silver 
and bromate of silver-oxide, with evolution of bromine and chlorine. 
(Balard.)—Boiling oil of vitriol separates a small quantity of bromine 
vapour from bromide of silver, boiling nitric acid has no action upon it. 
(Balard.)—Solution of mercuric nitiate takes up bromide of silver. 
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(Wackenroder )—Bromide of silver dissolves m strong kydrobromic acid 
and m strong hydrochloric acid. (Lowig )—It is scarcely soluble m dilute 
ammonia, but easily m strong ammonia —It is likewise slightly soluble 
in a concentrated solution of bromide of potassium or biomide of sodium. 
(Lowig.)—It dissolves m a hot solution of sal-ammoniac, very sparingly 
in aqueous carbonate, sulphate, or succinate of ammonia, least of all in 
nitrate of ammonia. (Wittstein.) 

Native Bromide of Silver . The variety from Plateros In Mexico, 
mixed with a large quantity of arseniate and carbonate of lead, Is of a 
yellowish olive-green colour, of specific gravity 5 8 to 6 02, and crystal¬ 
lized m cubes and octohedrons. Its light green powder turns grey when 
exposed to light.—The ore from Chanaveillo m Chili is a mixture of 
biomide and chloride of silver, associated with other minerals. (Berthier, 
Ann, Chnn . Phys. 77, 417, 79, 164) 

B Aqueous Bromide of Silver and Hydrogen, or Acid Hydro- 
bromate of Silver oxide. — 1 At concentrated hydiobromie acid dis¬ 
solves nearly 1 At. bromide of silvei, which crystallizes out on cooling, 
and is precipitated by dilution with water (Lowig ) 

C Hypobromite of $il\er-oxide —Oxide of silver immersed m 
bromine-water yields bromide of silver and aqueous hypobromite of 
silvei-oxide, which is easily resolved into bromide of silver and bromate 
of silver-oxide (Balard ) 

D. Bromate of Silver-oxide, or Silver-bromate. —Free bromic 
acid and bromate of potash added to solution of silver-nitrate, throw down 
a w T kite powder, which blackens very slightly on exposure to light. 
(Balard.) According to Rammelsberg, it soon turns grey when exposed 
to light. Froths up when heated, and is lesolved into oxygen gas and 
bromide of silver (Lowig), if the heat be suddenly applied, the decompo¬ 
sition is attended with fiery detonation, volatilization of part of the 
bromide of silver in the foim of a yellow vapoui, and evolution of a 
faint odoui of bromine. (Rammelsbeig, Pcgg 52, 94 ) Detonates on 
red-hot coals like nitre. (Lowig) Converted into chlonde of silver by 
digestion in hydrochloric acid (Rammelsbeig ) Insoluble in water and 
nitric acid; soluble in ammonia. (Lowig ) Slightly soluble in water. 
(Rammelsbeig ) 

Rammelsbeig. 

AgO . .. 116 0 . 49 49 49*73 

BrOs . 118-4 50 51 50 27 

AgOjBrO 5 234 4 100 00 100 00 


Silver and Chlorine. 

A. Bichloride of Silver2—Black Chloride of Silver. — Formation. 
1. White chloride of silver obtained by precipitation, and exposed to light, 
where moisture is present, gives off chlorine, and assumes first a violet, 
then a brownish giey colour, and finally becomes black.—When the 
white chloride of silver is immersed m water m a stoppered bottle, and 
exposed to sunlight, a strong odour of chlorine is observed after 24 hours; 
if the chlorine be allowed to evaporate from the water, a fresh quantity 
is disengaged by the continued action of the light. The evolution of 
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chlorine from chloride of silver thus exposed to light goes on for several 
months, becoming, however, continually weaker; and at last, instead of 
chlorine, the water is found to contain hydrochloric acid, which has been 
formed from the chlorine (with evolution of oxygen). The innermost 
parts of the chloride of silver remain, however, unaltered. (Wetzlar, 
Schw 52, 406 ) Thenard and Fischer likewise observed this evolution 
of chlorine. According to Scheele and Bucholz, the blackening is attended 
with evolution of hydrochloric acid; the same is stated by Berthollet 
(Stat chim. 1, 195), and moreover, that the formation of the hydrochloiic 
acid is not attended with evolution of oxygen. The blackening by 
exposure to light does not take place unless moisture is present, hence it 
is not produced in vacuo over oil of vitriol. Covering the white chloride 
with alcohol likewise protects it from blackening for a considerable time. 
(Seebeck, Fogg 9, 172 ) The blackening takes place less quickly under 
water containing chloride of potassium or chloride of sodium in solution, 
than under pure water. (Wetzlar.) White chloride of silver does not 
blacken by exposure to light if immersed in nitric acid. (Scheele.) 
According to Wetzlar, it blackens under nitric or hydrochloric acid, but 
not nnder chlorme-water or solution of feme sulphate. In nitric acid of 
specific gravity 1 23, it assumes a pale violet colour in two days, and 
becomes dark violet in sunshine in the course of an hour. In nitric acid 
of specific gravity 1 4, it remains white in daylight, but on exposure to 
direct sunshine for an hour, it acquires a very pale violet tint, which does 
not increase in four hours. (Wittstem, Repeit. 63, 220 ) When a silver- 
solution mixed with sulphate or acetate of feme oxide is precipitated by 
common salt, the precipitate does not blacken when exposed to light for 
two hours, hut acquires a certain amount of grey colouring in a few days. 
(A. Vogel, J. py\ Chem 20,365.) If the precipitated chloride of silver 
contains a trace of calomel, it does not blacken on exposure to light. 
(H. Rose )—2. Silver immersed in an aqueous solution of sesquichloride 
of iron, protochloride of copper, or protochlonde of mercury, takes up— 
provided the immersion he not too long continued—only as much chlorine 
as is required to form the black chloride of silver, the action being like¬ 
wise attended with the formation of protocbloride of iron, dichlonde of 
copper, or dichloride of mercury.—The solution of either of these three 
metallic chlorides immediately forms a black spot upon silver. On this 
reaction is grounded Smithson's process for recognizing an aqueous 
metallic chloride, viz, by its property of blackening a bright silver 
surface on the addition of ferric or cupric sulphate. A silver spoon 
acquires a black tarnish on being moistened with solution of sal-ammoniac, 
only when it contains copper, or when a piece of copper is immersed in 
the liquid. (Wetzlar.) In opposition to these statements, Schaffliautl 
(Ann. Fharm. 44, 27) maintains that finely divided silver has no action 
on sesquichloride of iron.—To obtain the black chloride of silver in the 
greatest possible state of purity by the process just described, silver-leaf 
is immersed in an aqueous solution of sesquichloride of iron or proto¬ 
chloride of copper. It immediately separates into little spangles, and is 
subsequently converted into a brownish black powder, which must be 
washed. Pulverulent silver precipitated by green vitriol is not so well 
adapted to the purpose, because it cakes together; hence it requires to 
be left for a longer time in contact with the iron or copper solution, and 
is thereby partly transformed into white chloride of silver, which forms 
a brown mixture with the black chloride. (Wetzlar.)—A. Vogel obtained 
with silver-leaf and a solution of corrosive sublimate, a white pulverulent 
vol, vr. m 
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mixture of chloride of silver and calomel.—3. The black chloride of 
silver may be formed from the suboxule and its salts by the action of 
hydrochloric acid. (Wohler, Ann . Pkarm. 30, 3)—Suboxide of silver 
precipitated from the citrate by potash yields a brown substance when 
treated with hydrochloric acid.—An aqueous solution of citrate of suboxide 
of silver forms the same precipitate with hydrochloric acid. (Wohler ) 

The subchloride prepared by (1) and (2) is black; by (-3) brown, and 
assumes the metallic lustre under the burnishing steel (Wohler ) 

The compound (3) heated to the melting point, of protochloride of 
silver, cakes together, and is converted into a yellow mixture of metallic 
silver and the protochloride. (Wohler.) Aqueous ammonia extracts 
protochloride of silver from the subchloride (whether prepared by 1, 2, 
or 3), and leaves a black powder consisting of metallic silver, soluble with 
effervescence in nitric acid. (Scheele, Wetzlar, Bulk, Wohler) Strong 
boiling hydrochloric acid, or a boiling solution of common salt acts in a 
similar manner to ammonia. (Wetzlar.) According to Bertholiet, black 
chloride of silver is perfectly soluble m ammonia. Subchlonde of silver 
retains its black colour when immersed m nitric acid (A. Vogel, Gilb. 
72, 286), even the hot concentrated acid does not extract silver from it— 
a proof that it does not contain any free metal. (Wetzlar.) Hot nitric 
acid takes up a portion of the silver from (2), and leaves a brownish red 
residue, almost wholly soluble m ammonia. (Dale, J pi Chem 3, 232.) 
Subchloride of silver prepared by (1) or (2), is converted by immersion m 
chlorine-w’ater, sesquicbloride of iron, or protocliloride of copper, into 
white chloride of silver, the action being attended with formation of 
protocliloride of iron or dichlonde of copper. (Wetzlar.) 

B. Protochloride of Silver. — Horn-silver , Luna-eorneci —Found 
native as Horn-silver .— Formation . 1 . Silver immersed m chlorine gas 

or chlorine water, is slowly converted into horn-silver, without, however, 
exhibiting visible combustion m the gas.—2. Hydrochloric acid gas (even 
when perfectly dxy) passed over red-hot silver, yields hydrogen gas and 
chloride of silver, on the other hand chloride of silver heated to redness 
in an atmosphere of hydrogen, yieldb hydrochloric acid gas and metallic 
silver. (Boussmgault, Ann . Chun Phys. 54, 260, also J pr Chem 2,155 ) 
The conversion of the silver into chloride is only superficial, because the 
chloride first formed protects the inner portions of the metal If the silver 
is enveloped in alumina, into which the fused chloride can penetrate, a 
larger portion of the metal becomes converted into chloride, and if the 
alumina is mixed with common salt, which forms an easily fusible com¬ 
pound with chloride of silver, the metallic silver is completely conveited 
Into chloride If hydrochloric acid gas he passed into a muffle, under 
which silver Is fusing, the quantity of the metal gradually diminishes, 
because chloride of silver Is formed and evaporates. When, therefore, 
silver is heated to redness In a mixture of brick-dust and common salt, 
and the crucible is sufficiently porous to admit the ingress of the aqueous 
vapour generated by the combustion of the fuel, the common salt Is 
decomposed by the silica, yielding silicate of soda and hydrochloric acid, 
(II. 353), and the latter converts the silver into chlonde, which then fuses 
with the rest of the chloride of sodium On this reaction Is grounded the 
American method of separating silver from gold by cementation. (Vid. 
Gold.) Silica acts like brick-dust, but less efficiently, because the mass 
becomes more vitrefied. Silver heated to redness with brick-dust and 
common salt In a porcelain tube, remains unaltered, even when a current 
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of dry air is passed through the tube Silver is not altered by ignition 
with common salt under the muffle, even for three hours. (Boussmgault)— 
•3. Silver immersed m aqueous hydrochloiic acid is superficially converted 
into chloride,, with evolution of hydrogen, and a small portion of the 
chloride dissolves (Proust) If the air has access to the liquid, silver 
dissolves m the course of a week in hydrochloric acid of specific giavity 1*2, 
forming a solution, from which water throws down chloride of silver. 
(Fischer, Schw. 51, 193) In this case, the oxygen of the air combines 
with the hydrogen of the acid The conversion of the silver into chloride 
likewise takes place with facility, when the hydrochloric acid contains 
substances which readily give up their oxygen, such as arsenic acid or 
peroxide of manganese (Scheele, Opusc. I, 169.) The same effect is 
produced by the addition of blue vitriol or protochlorule of copper to the 
hydrochloric acid. (Sonneschmidt, Karsten.) Silver leaf, or silver powder, 
immersed in a solution of common salt, to which the air has access, is con¬ 
verted-— with simultaneous formation of soda, by the action of atmospheric 
oxygen—into chloride of silver, which then dissolves in the solution of 
common salt (Wetzlar, Schw. 52, 473 ) Piastres from a sunken Spanish 
ship, raised from the water after the lapse of many years, were found to 
be converted into chloride of silver. (Proust)—4 Finely divided silver 
immersed in hypochlorous acid gas, aqueous liypochlorous acid, or its 
salts, is converted into chloride, with evolution of oxygen (Balard)— 
5. Oxide of silver and hydrochloiic acid yield water and chloride of silver. 
Oxide of silver boiled m an aqueous solution of chlonde of potassium or 
chloride of sodium, forms chloride of silver and an aqueous solution of the 
alkali, containing only a trace of chlonde and oxide of silver ( W etzlar, 
Schw, 53, 100 )— 6 All salts of silver-oxide, even those which are 
insoluble m water, such as the caibonate, phosphate, chi ornate, and 
oxalate, are converted by aqueous hydrochloric acid, or by aqueous 
metallic chlorides, into chloride of silver —7 Chlorine likewise precipitates 
chlonde of silver from solutions of that metal, generally, however, with 
simultaneous formation of hypochlorite of silver-oxide, which is soon 
resolved into chloride and chlorate —8 Sulphide of silver, heated m 
chlorine gas, is slowly converted into chloride. In this reaction, 124 pts 
(1 At) of sulphide of silver yield from 143 2 to 144 2 pts. of chloride 
(Berzelius ) Sulphide of silver, roasted with common salt, yields chloride 
of silver and sulphate of soda "With aqueous protochloride ot copper, 
mixed with common salt, it forms chloride of silver and dichlonde of 
copper, which remains dissolved in the common salt, &c (p 152)— 
9 Heated iodide, or bromide of silver, is converted by chlorine gas (the 
bromide very slowly) into chloride of silver 234 pts (1 At) of iodide 
of silver yield from 142 5 to 143*2 and 145*5 pts of chloride. (Berzelius, 
Pogg. 14, 558 ) 

Preparation . By precipitating nitrate of silver-oxide with hydro¬ 
chloric acid or common salt, and washing and drying the precipitate, 
which must be excluded from light during the whole series of operations. 

Propei-ties . The native chloride crystallizes in the forms shown in 
figures 1, *2, 3, 4, and 5 It is malleable and flexible, of specific gravity 
5*55, greyish white, with an unctuous adamantine lustre, and translucent. 
Horn-silver likew ise crystallizes m octohedrons from a solution m aqueous 
ammonia or hydrochloric acid, when thrown down from a dissolved silver- 
salt by hydrochloric acid, it forms a white, curdy precipitate. When 



164 


SILVER. 


cooled from a state of fusion, it solidifies, with considerable expansion 
(Persoz, Glum Molecal . 242), in a colourless, transparent, strongly 
refracting, horny mass, which takes impressions from the nail. Before 
fusion, its specific gravity is 5 501 (after blackening in the sun, 5'5671). 
(Karsten.) After fusion and solidification, 5 4548 (Proust); 5 4582 
(Karsten); 5*548 (P. Boullay). Puses at 260°, previously assuming a 
yellowish colour, and forms an orange-yellow, transparent liquid, which 
sinks into the pores of an earthen crucible, and volatilizes without decom¬ 
position at higher temperatures. 
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Decompositions. White horn-silver turns violet and black on exposure 
to light (Comp. Ill, 616.)— 2. Heated on charcoal before the blowpipe, 
it yields metallic silver, with evolution of an odour of hydrochloric acid. 
On the addition of oxide of copper, the flame becomes blue. IF Wittstem 
recommends, for the reduction of chloride of silver, to mix 2 parts of it 
intimately with 1 part of charcoal, he is of opinion that the reduction is 
due to the hydrogen m the charcoal. (Repert. Fharm 3rd ser. 2, 1.) IF— 
3. When heated m an atmosphere of carbonic oxide gas, it is rapidly 
decomposed, yielding phosgene gas and metallic silver. (Gobel, J. pr, 
Chemi. 6, 388.) 

AgCl+CO=Ag+COCl. 

It is not decomposed by ignition with pure charcoal.—4. Heated with 
phosphorus, it yields chloride of phosphorus and metallic silver, with 
which a considerable quantity of chlorine remains mixed. (H. Rose, Rogg . 
27, 117.) When gently heated in phosphuretted hydrogen gas, it is very 
easily decomposed into hydrochloric acid, phosphorus, and silver. (H. Rose, 
Fogg. 24, 334.)—5. When boiled in the freshly-precipitated state with 
aqueous alkaline sulphates, it is reduced somewhat rapidly to the metallic 
state; but tbe resulting metal, if required pure, must be washed with 
ammonia. (Berthier, N. Ann . Ckim. Fhys. 7, 82.) Cold aqueous sul¬ 
phurous acid has no effect upon chloride of silver, but the same liquid, 
when hot, colours it light grey. (A. Vogel,)—6. Arsenic, antimony, bis¬ 
muth, zinc, cadmium, tin, lead, iron, copper, and mercury, agitated with 
chloride of silver and water, separate the silver with evolution of heat, 
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the action being greatly facilitated by the presence of free hydrochloric 
acid, and by the action of heat. Zinc and iron act without the addition of 
water, provided only that the surrounding atmosphere contains moisture; 
but in vacuo, or under alcohol or ether, the decomposition does not take 
place. With the other metals, the presence of water is necessary, of these, 
cadmium, lead, and arsenic, act the most rapidly; antimony, copper, and 
mercury, act slowly; tin and bismuth most slowly of all. (Fisher, Gilb . 
42, 230; 72, 300, Fogg 6, 43 ) Zinc and iron are the only metals which 
decompose chloride of silver under water at ordinary temperatures. Tin, 
lead, copper, bismuth, and antimony decompose it only m presence of 
mercury, which takes up the silver, or in presence of free hydrochloric 
acid (Karsten.)—For the decomposition of horn-silver by mercury, the 
presence of common salt is necessary. (Sonnenschmidt, Ann Chun Fkys . 
51, 349 )—7. By heating with cinnabar, sulphide of silver and proto¬ 
chloride of mercury are obtained. (Wenzel, YeiwandUch. 452.)—Aqueous 
solution of green vitriol exerts no decomposing action. (Keir, Schw, 53, 
166, Wetzlar, Schw . 51, 373.)—8. Chloride of silver, fused with hydrate 
of potash or soda, with carbonate of potash or soda, or with lime, yields 
metallic silver and a chloride of the alkali-metal, with evolution of oxygen 
gas and water.—Aqueous solution of potash, of specific gravity not less 
than X 25, decomposes recently precipitated and still moist chloride of 
silver rapidly and completely, yielding aqueous chloride of potass m a nd 
pure oxide of silver, which, after washing, is completely soluble in nitric 
acid. Cold or dilute potash-ley has no action on chloride of silver; and 
if the chloride has once been dried, it is but incompletely decomposed, 
even by long boiling with strong potash-ley. (Gregory, Phil Mag, J. 
22, 284; comp. Wetzler, Schw. 53, 99.)—Aqueous carbonate of potash 
decomposes chloride of silver. (Thomson ) The chloride of silver blackens 
when boiled with carbonate of potash, apparently from formation of 
diehloride of silver.—9. Cold oil of vitriol does not decompose chloride of 
silver; boiling oil of vitriol decomposes it slowly, with evolution of hydro ■ 
chloric acid and formation of sulphate of silver-oxide, part of the horn- 
silver likewise dissolves, without decomposition, in hot oil of vitriol, and 
does not separate again on cooling. (A. Vogel.) 

Chloride of silver dissolves sparingly m concentrated hydrohromic 
acid (Lowig);—in concentrated hydrochloric acid, also sparingly in hot 
alcohol mixed with hydrochloric acid, and partly separates again on cool¬ 
ing (Erdmann, J pv. Cheni. 19, 341) , it dissolves m sal-ammoniac solu¬ 
tion, easily, according to Brett, with difficulty, according to Wittstein, 
but not in other ammomacal salts,—sparingly m a strong solution of 
chloride of potassium, chloride of sodium, and a few other metallic chlo¬ 
rides;—copiously m aqueous alkaline hyposulphites (forming a chloride 
of the alkali-metal, and hyposulphite of silver-oxide and the alkali: 
Hei'scliel );—abundantly m ammonia even when very dilute (vid. Ammonio - 
chloride of silver ),—it likewise dissolves in aqueous mercuric nitrate, and 
is easily precipitated therefrom by hydrochloric acid, sal-ammoniac, or 
common salt; imperfectly by nitrate of silver-oxide, and not at all by 
nitric acid (Wackenroder, Ann Pharm. 41, 317.) In other liquids, 
chloride of silver is insoluble —Chloride of silver in the melted state is 
capable of absorbing a very small quantity of chlorine gas, which easily 
escapes again on cooling. (Berzelius )—It does not absorb the vapour of 
anhydrous sulphuric acid. (H. Rose ) 

Powder for the cold Silvering of Copper and Brass: a . 1 part of 
precipitated chloride of silver, 2 of alum, 8 of common salt, and 8 of 
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tartar.—5. 1 pt. of chloride of silver, 1 of prepared chalk, somewhat 
more than 1 of common salt, and 8 of pearl-ash —c. 1 part of silver pre¬ 
cipitated by copper, 4 of common salt, 4 of sal-ammoniac, and A of 
corrosive sublimate, the whole made up into a paste with water.—The 
surface of the metal to be silvered is cleansed by boiling with water, 
alum, and tartar, then heating it to redness and polishing, or by friction 
with tnpoli, it is then moistened with solution of common salt, and some 
of the powder is rubbed into it, after which it is washed and dried with a 
soft woollen cloth 

C. Aqueous Chloride of Silver and Hydrogen, or Acid Hydro¬ 
chlorate of Silver-oxide. —Chloride of silver dissolves somewhat 
copiously in strong hydrochloric acid. The same solution is formed by 
the action of strong hydrochloric acid on metallic silver, with free access 
of air (p. 163, 3). The solution when evaporated, yields octohedrons of 
chloride of silver: it is almost completely precipitated by water, the liquid 
exhibiting a milky turbidity —Tolerably dilute hydrochloric acid is like¬ 
wise capable of dissolving a certain quantity of silver, a solution of 1 pt. 
of silver-mtiate in 15.000 of water, becomes turbid on tbe addition of a 
small quantity of hydrochloric acid, and clear again on the addition of a 
further quantity, it still, however, yields a precipitate with sulphuretted 
hydrogen, even when 7,500 parts of hydrochloric acid have been added 
(Remsch, J. pr. Chem . 13, 133 ) 

D. Hypochlorite of Silver-oxide, or Silver-hypochlorite.— 
When oxide of silver is diffused in water and agitated while a stream of 
chlorine is passed through the liquid, heat is evolved, and chloride and per¬ 
oxide of silver are formed, together with a liquid of strong bleaching power, 
which becomes turbid in a few seconds, depositing chloride of silver, and 
being concerted into a solution of chlorate ol silver-oxide, which no 
longer possesses bleaching power If the passage of chlorine through the 
bleaching liquid be continued, chloride of silver is formed, while hypo- 
clilorous and chloric acids remain m solution An alkali added to the 
bleaching liquid, Jibeiates oxygen gas, and precipitates a mixture of 
chloride and peroxide of silver.—A similar action is exerted by chlorine 
on the aqueous solution of chlorate, nitrate, or acetate of silver-oxide, 
the acid of the silver-salt being set free. (Balard, Ann. Ohim. Phys. 
57,241) 

E Chlorite of Silver-oxide, or Silver-chlorite. —Formed by 
precipitating a solution of silver-nitrate with an alkaline chlorite contain¬ 
ing a slight excess of alkali, boiling the precipitate with watei, filtering 
hot, and cooling to the crystallizing point If but a trace of free chlorous 
acid were present at the precipitation, it would cause the product to 
resolve itself into chloride of silver and chlorate of silver-oxide : 

3(AsO,C10^ = AgCI+2(AgQ,C10 5 ). 

Yellow crystalline scales. The dried salt detonates even when heated to 
105", or by contact with strong hydrochloi ic acid. With dilute hydro¬ 
chloric acid, it yields ST53 per cent of chloride of silver. It sets fire to 
sulphur when mixed with that substance by means of a glass rod It is 
not decomposed by boiling under water. (Millon, N. Ann. Chim. Phys. 
Tj 32a) 
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Crystallised . Millon. 

AgO . 116 0 66-13 65-66 

CIO 3 _ 59-4 33 87 

AgO,CIO 3 175 4 100-00 . 

F. Chlorate of Silver-oxide, or Silver-chlorate —1 Formed 
by passing clilorme gas tbroDgk water m which silver-oxide is diffused, 
till bubbles of oxygen are evolved, then filtering from the chloride of 
silver, and evaporating to the crystallizing point (Chenevix ) The filtrate 
at first contains hypochlorite of silver-oxide, (vid sup )— 2. By dissolving 
siher-oxide in aqueous chlouc acid, the action being accompanied with 
evolution of heat (Yauquelm, Ann Chim. 95, 124 )—White, opaque, 
four-sided prisms with oblique terminal faces, having the taste of nitrate 
of silver-oxide (Vauquehn )—The salt, when slightly heated, gives off* 
oxygen with effervescence, and is reduced to chloride of sih er (Chenevix.) 
When mixed with sulphur, it detonates with the utmost violence on the 
slightest pressure. (Chenevix) Thrown on led-hot coals, it detonates 
with a vivid light, and is converted into chloride. (Yauquelm ) Hydro¬ 
chloric, nitric, and acetic acid resolve it into chloride of silver and oxygen 
gas which escapes. (Chenevix.) Chlorine, passed through the solution of 
this salt, causes an evolution of oxygen, and throws down chloride of 
silver, while chlorate of silver-oxide remains m solution,—The salt dis¬ 
solves m fiom 10 to 12 parts of cold water (Yauquelm), in 8 to 10 pts. 
of cold, and 2 parts of waim water, and is slightly soluble in alcohol. 
(Chenevix ) 

G. Perchlorate or Silver-oxide, or Silver-perchlorate —The 
solution of silver-oxide in the aqueous acid yields no crystals when 
evaporated in the hot-air chamber, but a white powder This powder 
fuses when somewhat strongly heated, forming but a small quantity of 
ckloiide of silver, and, on cooling, solidifies m the crystalline form. At 
a temperature somewhat below redness, it is suddenly decomposed. Its 
aqueous solution turns brown when exposed to light, paper saturated 
with it and then dried, detonates violently at 200 J . It deliquesces in 
tbe air, and dissolves in strong alcohol. (Serullas, Ann Chim. Flips. 
46, 307.) 

H. Chlgriodide of Silver —See page 157. 

IT I Chlorobromide of Silver.— Found native in Chili. — A speci¬ 
men imported by Vice-Admiral Sir George Seymour, and analysed by 
Col. Yorke (Ckem Soc Qn. J 4, 149), presented the appearance of a 
waxy, sectile substance, diffused in veins thiougli and partially coating a 
red ockreous matrix containing portions of quartz the whole specimen 
weighed about 60 lbs. The sectile substance, when cleared from ochre, 
was nearly black externally, but internally of a greenish yellow colour, 
translucent, and crystalline. Tbe veins varied in thickness from \ of an 
inch to microscopic minuteness The ochieous matter contained occa¬ 
sionally very small cubic crystals disseminated in it, and the coating was 
in some parts marked by impressions indicating some of tbe more com¬ 
plicated modifications of the cube. Sp. gr, of the cblorobromide 5 53 
(Yorke), 0*702 (Dufienoy). 
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Yorke. 
46 8 
53 2 


2AgBr .. 372*8 .... 46*42 

3AgCI . 430 2 53 58 

2AgBr-r3AgCl 803 0 100 00 100 0 

For other analyses of clilorohromide of silver, vid, Domeyko, Ann. Mm. [4] ,6,153. ^ 


Silver and Fluorine. 

A. Fluoride of Silver.— Formed by dissolving silver-oxide or its 
carbonate In aqueous hydrofiuoric acid, and evaporating to dryness. 
Hydiofluoric acid lias no action on metallic silver—Fluoride of silver is 
not crystalline, but fuses like horn-silver (Gay-Lussac & Thenard) ; on 
cooling, it forms a greyish black, sbinmg, sonorous, slightly extensible 
mass, having a lamino*radiated fracture. (Unverdorben, K. Tr . 9 & 34.) 
When ignited for some time m the air, it becomes covered with metallic 
silver, and gives off hydrofluoric acid and oxygen gas, when decomposed 
by hydrochloric acid it yields 112*58 per cent, of chloride of silver; 
deliquesces in the air Berzelius, Ann* Chun. Phys . 11, 121; Pogg. 
1, 35 )—The aqueous solution has a strongly metallic taste, blackens the 
skin, and is precipitated by hydrochloric acid and fixed alkalis. (Gay- 
Lussac & Thenard ) 

By repeatedly evaporating and re-dissolving the aqueous fluoride of 
silver, Unverdorben obtained a substance which *was no longer soluble in 
water, but settled down m small, soft laminae: while moist, it exhibited a 
golden colour and metallic lustre; but after drying, became yellow and 
glistening; by pressure, it again acquired the colour and lustre of gold, 
Was it a basic compound ? 


Silver and Nitrogen. 

A. Nitrite of Silver-oxide, or Silver-nitrite.— a Bask?— 
First obtained by Proust, who regarded it as nitrate of suboxide of silver; 
Hess, on the other hand, regarded it as a compound of nitric oxide with 
silver-oxide — Preparation. —3. Aqueous silver-nitrate, boiled for several 
hours with finely divided silver, dissolves the metal, with evolution of 
nitric oxide, and forms a light yellow liquid, which, when evaporated 
down to a density of more than 2*4, and then kept at a low temperature 
for several days, solidifies suddenly on being poured into another vessel. 
On treating this mass with water, the salt remains undissolved in the 
form of a yellow powder. Cold water or alcohol likewise throws down 
this powder from the yellow solution. (Proust)—2. Aqueous sulphate of 
silver-oxide Is precipitated by nitrite of baryta (or, according to Hess, the 
compound of nitric oxide and baryta), and the filtrate evaporated to the 
crystallizing point. The baryta-salt must not be previously freed from 
excess of baryta by sulphuric acid, otherwise a more neutral salt will he 
formed, which cannot be obtained in the crystalline state. (Hess.)— 
3. Aqueous nitrate of silver-oxide is precipitated by nitrite of baryta, 
(Peligot, Ann. Chim Phy§. 77, 68.) Yellow powder (Proust), long, 
straw-yellow needles (Hess); anhydrous crystals (Peligot). Blackens 
on exposure to light. (Hess.) Blackens in the air, being resolved into 
metallic silver and nitrate. When gently heated in a glass tube, it is 
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resolved into metallic silver and nitrous [Lyponitricl] acid. According to 
Pehgot, it gives off nitric acid when heated, and the residue is thereby 
converted into nitrate of silver-oxide. When immersed in hydrochloric 
acid, it is superficially converted, with slight evolution of gas, into chlo¬ 
ride of silver. Dissolves very sparingly, and only partially in water, 
flakes remaining behind. Easily soluble m ammonia. (Hess, Pogg. 
12, 261.) 

b . Monobasic. —Prepared by the process described on page 382, vol. II. 
White, crystalline. In contact with a chloride of an alkali-metal and 
water, it yields chloride of silver and an alkaline nitrite Dissolves m 
120 parts of cold water, more abundantly m hot water, and crystallizes 
from the hot solution on cooling. (Mitscherlich, Leh bitch) U According 
to Fischer (Pogg 74, 115), the salt thus prepared forms prisms of 59° 
with oblique terminal faces, it requires 300 pts. of cold water to dissolve 
It, but is more soluble m cold water, insoluble in alcohol. According to 
Persoz (Ann. Pharni 65, 177), nitrate of silver-oxide maybe prepared m 
a similar manner to the alkaline nitrites, by the action of heat on the 
nitrate: 

AgO,N0 5 = AgO,N0 3 + O 2 . 

It is possible, however, to convert the whole of the nitrate into nitrite by 
this means, for the latter salt is only formed in presence of a nitrate, such 
as that of silver-oxide or potash. The best mode of obtaining it is to fuse 
together equal parts of nitre and silver-nitrate, dissolve the fused product 
in boiling water, and leave the solution to cool, the nitrite of silver-oxide 
is then obtained m long and very slender needles, having a wavy lustre; 
they are colourless while immersed in the liquid, but acquire a slight sea- 
green tint when taken out They contain 69 86 per cent of silver, a 
quantity nearly corresponding with the formula AgO,N0 3 , which requires 
70 13 per cent *1F 

The yellow liquid obtained by boiling finely divided silver with a 
Solution of that metal, appears to contain a mixture of the salts a and A 
According to Proust, it exhibits the following relations. When boiled 
down by itself, it gives off a small quantity of nitric oxide gas, then fuses, 
and yields a yellow sublimate. The mass treated with water when cold, 
yields nitrate of silver-oxide, and leaves a mixture of metallic silver and a 
yellow powder The yellow solution oxidizes when exposed to the air, 
and deposits crystals of nitrate, the same result is produced by heating it 
with nitric acid, the liquid being then decolorized, and giving off nitric 
oxide gas Hydrochloric acid added to the liquid, throws down white 
chloride of silver Ammonia piecipitates black pulverulent silver, and 
retains silver-oxide m solution. Potash forms a brown precipitate [of 
suboxide of silver] which is converted into the protoxide on exposure to 
the air, but, if immediately dissolved m cold dilute nitric acid, again gives 
a black precipitate with ammonia Gold water added to the yellow liquid, 
throws down the yellow powder a; but on dropping the yellow liquid 
into boiling water, the precipitate changes colour from yellow to red, and 
is then converted into black metallic silver, which forms a specular deposit 
on the sides of the vessel So long as the precipitate remains yellow or 
red, it disappears on the addition of nitric acid; but after it has become 
black, nitric acid no longer dissolves it Alcohol likewise throws down 
the yellow powder, and the liquid filtered from it leaves, on evaporation, 
a residue of silver-nitrate and metallic silver. Tincture of sulphate of 
indigo is decolorized by the yellow liquid, with precipitation of silver. 
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Tincture of litmus forms with it a blue, and tincture of cochineal a violet 
precipitate. (Proust, X. Gekl. 1, 520.) 

Aqueous silver-nitrite, if fiee from nitrate, and kept from contact of 
air, is not reduced by tin, nickel, bismuth, or antimony, but if nitrate is 
also present, reduction takes place, not only from the latter, but also from 
the nitrite. (Fischer, Pogg . 22, 496.) 

B. Nitrate of Silver-oxide, or Silver-nitrate. — Xitrate of Silver , 
Silver-saltpetre , also, but improperly, called Silver-viti wl , after fusion, 
Lunar Caustic , Lapis infernalis — Silver dissolves in pure dilute nitric 
acid, especially on the application of heat, the solution being tolerably 
rapid, and attended with evolution of nitrous gas The colourless 
solution, when evaporated and cooled, deposits the salt in the anhydrous 
state. 

From silver containing copper, a pure salt may be obtained by the 
following processes —1. The impure silver is purified by one of the 
methods already described (pp 135, 136), and the pure metal dissolved in 
nitric acid, or "the chloride of silver, piecipitated and washed, is decom¬ 
posed, according to Gregory’s method, by strong boiling potash-ley, and the 
lesulting silvei-oxide, after being washed, is dissolved m dilute nitric 
acid —2 The impure silver is dissolved m nitric acid, the solution 
evaporated, and the easily crystallizing silver-nitrate is separated from 
the deliquescent cupric nitrate by repeated crystallization and washing 
with a small quantity of cold water The water always takes up a little 
of the silver-salt, togethei with the copper-salt. If the solution contains 
excess of acid, the silver-nitrate separates out completely, and, according 
to Guibonrt («/. Clara. Med. 7, 536), may be washed on a funnel with 
strong nitric acid, m which it is almost insoluble, whereas the cupiic 
nitrate dissolves with facility The wash-liquid serves to dissolve a fresh 
quantity of silver. Another method is to evaporate the solution to dry¬ 
ness, taking care not to heat the lesidue very strongly, and then treat 
this residue with alcohol of 90 per cent, most of the silver-nitrate then 
remains undissolved, and the poition which does dissolve, separates out 
almost completely on cooling, wdnle the cupiic nitrate lemams m the 
mother-liquid. (Nolle, Ann Pharm . 2, 92)—3 Part of the cupreous 
silver-solution is precipitated by potash, and the well-washed piecipitate, 
consisting of hydrated cupiic oxide and silvei-oxide, is digested with the 
greater part of the solution, which, if it does not contain excess of acid, 
gradually deposits its cupric oxide, and dissolves out the silver-oxide 
from the piecipitate—4. The best method, however, is to evaporate the 
cupriferous silver-solution to dryness, heat the residue carefully and 
uniformly, in a glass, porcelain, iron, silver, or platinum dish, till it fuses, 
and the nitrate of cupiic oxide is decomposed with intumescence, then 
keep the mass at the same temperature, till it fuses tranquilly, no 
longer exhibiting a greenish cast, and a sample of it dissolved in water, 
filtered, and mixed with ammoniac, no longer forms a blue solution. If 
the heat be too low or unequal, a portion of the cupric nitrafte remains 
undissolved; at too high a temperature, the silver-nitrate is also decomposed 
and silver separated, which may be recognized by remaining behind when 
the cupric oxide is dissolved in sulphuric or hydrochloric acid The mass 
when cold Is dissolved In water, the solution filtered from the cupric 
oxide, and left to crystallize. (Brandenburg, Scker. Xord Bl, 1,1. Seller. 
Ann 2, 125, Trautwem, Bepert 12, 153, Maitius, Bepeit 9, 319.)— 
If the proportion of copper is large, the residue must be merely heated 



SILVER-NITRATE. 


171 


till the greater part of the cupric salt is decomposed, then dissolved in 
water, the filtrate evaporated to dryness, and the residue kept m a state 
of fusion till the remaining cupric salt is completely decomposed 

Commercial lunar caustic may he adulterated with cupric oxide, 
nitrate of cupric oxide, nitrate of potash, nitrate of zmc-oxide, and nitrate 
of lead-oxide. 

Transparent and colourless crystals, belonging to the right prismatic 
system. Fig. 50. u' * 24=129°31', p a or a=116 :) S6 / ; a . a— 126° 48', 
u' * 0 = 148 ". (Brooke, Ann Phil 23, 162 ) Specific gravity 4*3554. 
(Karsten.) Fuses readily without loss of weight, and solidifies on cooling, 
in a white fibious mass Its aqueous solution does not redden litmus; it 
has a bitter metallic taste, and acts as an acrid poison, it destroys 
organic matter, and turns black when exposed to light. 

Crystallized. Proust Bergman 

AgO 116 63 23 69 5 75 19 

NO 5 54 31 77 30 5 2181 

AgO,NO 5 170 100 00 100 0 . 100 00 

108 parts of silver were found by the author to yield from 170 03 to 
170*23 parts of nitrate. 

Silver-nitrate does not blacken in the air, except when in contact with 
organic matter. At the temperature of commencing redness, it is resolved 
into oxygen, hyponitnc acid, nitrogen, and silver Detonates on red-hot 
coals. Mixed with chaicoal, and struck with the hammer, it takes fire 
without detonation, detonates slightly with sulphur when struck with a 
warm hammer, and very violently with phosphorus. Decomposed by 
fusion with zinc, tin, cadmium, and copper, not at all, or very slowly, by 
the other heavy metals. (Fischer.) It is not decomposed by fusion in 
iron vessels, provided no water is present (Brandenburg) Copper 
reduces silver from the dry salt, even at ordinary tempeiatures [the air 
having access to it], (Chevalier, J. Chim Med. 3, 131.) If the sublimed 
arsenic obtained by heating a mixture of equal parts of orpiment and 
iron filings be triturated with ten times its weight of silver-nitrate, a 
mixture is formed which takes fire immediately when shaken out upon 
paper. (Mauder, Taschenb. 17S0, 36.) The crystals of the salt, if 
wrapped up in paper, are gradually converted, without alteration of form, 
into lamime of malleable silver. (Filiere, Ann Chim. Phys 42, 335.) 
The dry salt, triturated with excess of iodine, yields iodide of silver*, free 
periodic acid, and mtnc acid (Preuss, Ann Pharm . 29, 324 ) 

The salt dissolves m 1 part of cold and i pt. of hot water The 
solution exhibits the reaction already described as belonging to silver- 
salts in general. Its reaction with native sulphide of antimony will be 
given under the head of Siher and Antimony . For the deoxidizing 
action which aqueous vapour appears to exert on silver-solutions vid. 
Pfaff {Schw 36, 68 ; 52, 314) ; A Vogel (Gilh. 72, 335) Alcohol, under 
the influence of light, very slowly reduces silver from the solution, sugar 
reduces it more rapidly, producing a black colour; starch, a brown, and 
gum a red-brown colour. (Fischer, Kastn. Arch. 9, 349 ) Tor experiments on 
the action of various organic bodies on solution of silver-nitrate, both m the dark and 
under the influence of light* vid Brandes & Reimann (JV. Tr. 12, 1, 100.) 
Silver-nitrate is insoluble m strong nitric acid, and is precipitated by that 
acid from its aqueous solution (Schweigger-Seidel, Schw . 64, 127.) It 
forms a crystalline compound with iodide of silver. {Preuss, Ann. Pharm . 
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29, 329.) It dissolves in 4 parts of boiling acohol. Combines with 
certain metallic cyanides. 

English Ink for marking on linen . 1 pt. of lunar caustic and 1 pt. of 

gum-arabic dissolved in 4 parts of water, blackened with a small quantity 
of Indian ink. Tbe linen to be marked is previously saturated with a 
solution of 1 pt. of carbonate of soda and 1 pt. of gum-arabic in 4 parts of 
water, and ironed smooth when dry. After marking, it is exposed to the 
sun for several hours, till in fact it is completely blackened The marks 
may be obliterated either by repeated treatment with chlorine-water (or 
aqua regia) and ammonia,by which, however, the linen is injured—or better, 
according to Bottger, by treatment with aqueous cyanide of potassium. 

C. Nitrate of Peroxide of Silver. —Peroxide of silver dissolves 
in nitric acid with a slight evolution of oxygen gas, and forms a brown 
solution, which is decolorized by deoxidizing agents, and forms per¬ 
manganic acid with peroxide of manganese. 

D. Compound of Silver-oxide with Ammonia. —ArgentaU of Am¬ 
monia.—a Solid — a. Pulveiulent — Bertkollet's Fulminating Silver — 
1 Silver-oxide is pieeipitated from a solution of the nitrate by lime- 
water; the adhering liquid removed by placing the precipitate on bibulous 
paper, and the precipitate placed m a glass vessel, and covered with very 
strong pure ammonia, whereupon a noise is produced like that which 
accompanies the slaking of lime with water After 12 hours, the film 
formed upon the surface is dissolved off by fresh ammonia, the liquid 
decanted; and the fulminating silver collected at the bottom of the vessel, 
is divided into small portions, and placed upon separate pieces of bibulous 
paper. (Berthollet, Crell Ann . 1788, 2, 390.)—2. Silver-oxide preci¬ 
pitated from a solution of the nitrate by a fixed alkali is cautiously 
boiled with a mixture of aqueous potash and ammonia The potash 
withdraws any caibonic acid that may have been absorbed, and prevents 
the solution m excess of ammonia (Faraday, Quart J of Sc 4, 268; also 
Ann Chim Phys . 9,107, abstr. Fogg, 12, 252.)—3. Recently-precipitated 
chloride of silver is dissolved in strong ammonia, pieces of potash-hydrate 
purified by alcohol (III, 13), gradually added to the solution, as long as 
their intioduction produces effervescence, the black turbid liquid diluted 
with water, and thrown a filter, through which it runs colourless or 
yellow, and the black powder washed on the filter, and divided into small 
portions while still moist (L. A. C. J . Pliaim. 13, 615 ) 

Black powder, which, by slight disturbing causes, such as contact, per¬ 
cussion, friction, heat, or electricity, is instantly decomposed, with 
violent detonation, strong enough to shatter the containing vessel, the 
products being, apparently, metallic silver, water, and free nitrogen. In 
the moist state, it is much less liable to explode. The affinity of the 
hydrogen in the ammonia for the oxygen in the silver-oxide is much 
greater than that of the hydrogen for the nitrogen, or of the silver for the 
oxygen; slight disturbances cause the stronger affinities to get*the upper 
hand, and then the water and nitrogen are raised by the heat developed 
in the formation of the water to a very high degree of elasticity. It is 
possible, however, that this fulminating compound may be a nitride of 
silver. 

Crystalline. Separates from the liquid decanted off Berthollet’s 
fulminating silver, and from e\ ery solution of silver-oxide (also of the 
chloride, according to Proust) in aqueous ammonia, on exposing such 
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solution to the air, or still more easily* on the application of heat* 
Black* opacpe crystals* with a lustre almost metallic; they detonate with 
the greatest violence, on the slightest disturbance* even that which is pro¬ 
duced by agitating the liquid in which they form. (Higgins.) The 
opinion of Higgins (Minutes of a Soc. for philos. expenm 344; also 
Klaproth & Wolff* Suppl. zum chem Worterb 2* 584) regarding these 
crystals, appears to be correct* viz that they are the pure fulminating 
silver* whereas the pulverulent substance is probably a mixture of this 
compound with metallic silver (and Faraday’s suboxide of silver^). 

5. Liqitid compound . Regarded by Faraday as a compound of sub¬ 
oxide of silver with ammonia* m so far as when the oxide is dissolved in 
ammonia* water and nitric acid are probably formed. He did not observe 
any evolution of nitrogen. This compound is obtained by dissolving 
silver-oxide in excess of aqueous ammonia. According to Gay-Lussac* 
part of the oxide is always converted into fulminating silver, and remains 
undissolved* according to Faraday, on the contrary, the solution is perfect; 
according to Fischer ( Kastn . Arch. 9, 357), the recently-precipitated oxide 
dissolves completely; the dried oxide only partially. The colouiless 
solution* when exposed to the air, deposits the crystals /3 (Beithollet* 
Higgins* Gay-Lussac), or, according to Faraday, a grey* strongly shining 
film of snboxide, which* when in thin layers* appears of a bright yellow 
colour by transmitted light* and is renewed as often as removed. If 
this solution be boiled for a time, it acquires a deep colour, gives off 
nitrogen gas* deposits fulminating silver, and becomes decolorized* on 
further application of heat, it blackens again* gives off nitrogen, and 
deposits* not fulminating silver, but the pure suboxide* which does not 
yield fulminating silver when treated with ammonia. The liquid argentate 
of ammonia, when kept for a quarter of a year in a closed vessel* deposits 
a thick layer of metallic silver, but no fulminating silver, and is after¬ 
wards found to contain a large quantity of oxygen gas m the compressed 
state. With potash* ether* and alcohol* it forms white precipitates* which 
soon change colour* and after drying, detonate both by heat and by 
friction; tincture of galls likewise precipitates argentate of ammonia 
abundantly. (Faraday.) From alkaline phosphates, chlorides* or chro¬ 
mates, the solution, if it does not contain too much ammonia, throws 
down all the acid* in combination with the silver-oxide. Lead and copper 
reduce the silver from it; tin and iron do not. (Fischer.) 

E. Hyposulphite of Silver-oxide and Ammonia. —a . 2(NH 3 ,S 2 0 3 ) 
4-Ag0,S 2 0 2 ?—Precipitated, on adding alcohol to the solution of chloride 
of silver in aqueous hyposulphite of ammonia* in the form of a white 
salt, which must he pressed between paper and dried m vacuo. When 
the remaining liquid is evaporated, an additional quantity of the salt 
separates out in six-sided prisms. It has a pure and very strong sweet 
taste, strong enough indeed to make 32,000 times its own quantity of 
water perceptibly sweet,—100 parts of the salt yield 40*62 parts of 
sulphide tff silver when heated. (Herschel) Easily soluble in water. 
(Herschel.) 

5. NH 3 , S 2 0 2 +AgO, S 2 0 2 1 —On adding to aqueous hyposulphite of 
ammonia a larger quantity of chloride of silver than it is capable of dis¬ 
solving* a white crystalline powder is produced* which is quite insoluble 
in water; it must be dried in vacuo after the greater part of the water 
has been removed by pressure. It turns black when kept in close vessels* 
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and also when heated, giving off sulphurous acid and forming sulphide of 
silver. It dissolves in aqueous ammonia, forming an exceedingly sweet 
liquid, and is precipitated therefrom by acids m its original state, even 
When the solution is very dilute. (Herschel, Edmb Phil J. 1 , 398.) 

F. Sulphite of Silver-oxide axd Ammonia. —Formed by dissolving 
silver-oxide or its sulphite m aqueous sulphite of ammonia The solu¬ 
tion, when exposed to sunshine, deposits a film of metallic silver, and is 
converted into sulphate of ammonia. (Fourcroy.) 

G. Argento - hyposulphate of Ammonia. — Aqueous hyposul- 
phate of silver-oxide supersaturated with ammonia, soon yields small 
crystals. (Heeren, Pogg. 7, 192 ) The solution of hyposulphate of 
silver-oxide m warm ammonia yields, on cooling, small sliming rhombic 
prisms whose four lateral edges are truncated They turn grey when 
exposed to light, and when heated yield water, ammonia, sublimed 
sulphite of ammonia, and finally a small quantity of free sulphuric acid, 
and leave a residue of sulphate of silver-oxide They dissolve m water 
without decomposition. (Rarumelsberg, Pogg. 58, 298 ) 

Ci y& talli zed. Ranimelsbei g. 


2NH 3 

34 

14 72 

15 65 

AgO 

116 

50 21 

49 90 

S'O 5 

72 

31 18 


HO 

9 

3S9 


NH 3 ,AgO + NH’0,S ; 0 5 

231 

100 00 



H. Argento-sulphate of Ammonia —The saturated solution of 
sulphate of silver-oxide in warm concentrated ammonia yields, on 
'cooling, transparent and colourless crystals, belonging to the square 
prismatic system Fig. 31;p*e=127 to 127° 13", q . r=135\ The 
crystals are permanent in the dark, but blacken on exposure to light. 
They dissolve readily in water and in aqueous ammonia, and separate 
thexefrom unaltered on cooling From their aqueous solution, potash 
throws down Berthollet’s fulminating silver. (C. G & E. Mitsclieilich, 
Pogg 9, 414; 12, 140 ) From the aqueous solution supersaturated with 
ammonia, silver is ieduced by zinc, cadmium, lead, copper, antimony, 
and arsenic, but not by tin, bismuth, iron, or meicury. (Fischer.) 



Crystallized. 

C G. Mitsclierlich. 

2NH 3 . . .. 

34 

17 90 

19*40 

AgO 

116 

61 05 

60*65 

SO 3 

40 

21*05 

21*60 

NH 3 ,AgO t NH 3 ,SG 3 

190 

100 00 

101 65 


L Ammonio-sulphate of Silver-oxide —Anhydrous sulphate of 
silver-oxide absorbs 11*82 per cent of ammoniacal gas, very slowly and 
with scarcely perceptible evolution of heat. The compound when heated, 
gives off ammonia, together with a small quantity of sulphite of ammonia. 
It dissolves completely in water. (H. Rose, Pogg. 20, 153.) 


NH 3 

17 

9 83 

H Rose. 
10 57 

AgO 

116 . 

. 67 05 

| 89 43 

SO 3 

40 

23 12 

KH 3 -i AgO,SO 3 

173 . 

. 100*00 

100-00 
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K. Argento-seleniate of Ammonia —NH 3 ,AgO + NH 3 ,Se0 3 .— 
Prepared like the corresponding sulphate, and isomorphous with the latter. 
Fig. 31; p.e= 127° 16 f . The crystals are likewise tiansparent and 
colourless, and gradually evolve ammonia when exposed to the air. 
They dissolve readily in water and in aqueous ammonia, and crystallize 
out unaltered as the ammonia evaporates, from the aqueous solution 
potash throws down fulminating silver (E. Mitscherlick, Fogg. 12, 141.) 

L. Ammonio-todide of Silver. —Unfused iodide of silver absorbs, 
with evolution of heat, 3 6 per cent of ammonia, and forms a white 
compound, which, on exposure to the air, gives off ammonia and turns 
yellow again. (Rammelsberg, Fogg 48, 170 ) 

M Ammonio-bromide of Silver —Dry bromide of silver does not 
absorb ammoniacal gas. (Rammelsberg, Fogg. 55, 248 ) It dissolves in 
strong ammonia. The solution saturated hot deposits a yellow powder 
on cooling. The solution becomes turbid when mixed with water, and 
slowly deposits white bromide of silver. Hydrosulphuric acid precipi¬ 
tates sulphide of silver from it When evaporated to dryness with 
baryta water, it leaves a residue from which alcohol dissolves out bromide 
of barium (Berthier, Ann. Ghim. Fhys 77, 417) The ammoniacal 
solution deposits, after a while, white, shining crystals, which, when 
heated, are lesolved into ammoniacal gas and bromide of silver (Liebig, 
Sclav. 48, 108.) The glistening laminae which separate as the solution 
cools, consist of pure bromide of silver, free from ammonia. (Rammels- 
berg) 

N. Argento-bromate of Ammonia —Aqueous ammonia, saturated 
hot with bromate of silver-oxide, yields colourless prisms on spontaneous 
evaporation. These crystals are decomposed in the air, even m closed 
vessels, becoming moist, assuming a yellowish colour, and yielding 
nitrogen gas, water, and bromide of silver. When heated, they are 
suddenly decomposed, with a hissing noise and scattering of their sub¬ 
stance, and leave yellow bromide of silver They are likewise decom¬ 
posed by water. (Rammelsberg, Fogg. 52, 94.) 


2NH 3 

34 0 

12 67 

Rammelsberg. 

Ag 

10S*0 

40 24 

41-70 

O 

8 0 

2 98 


Br 

78 4 

29 21 

27 04 

50 

40 0 

14-90 


NH 3 ,AgO + NH 3 BiO 5 

268 4 

. 100 00 



0. Ammonio-chloride of Silver —a 100 grains of chloride of 
silver absorb at ordinary temperatures 130 English cubic inches of 
ammoniacal gas. (Faraday, Ann Chun. Fhys 24, 112)—Fused chloride 
of silver takes up but little ammonia, the unfused compound slowly 
absorbs, without evolution of heat, and with very slight increase of 
volume, from 17 31 to 17 91 per cent, of ammonia. (H. Rose, Fogg. 
20, 157.) The absorbed ammonia is again given off at 37 7°. (Faraday.) 
When the grey compound is heated in a sealed glass tube, for the 
purpose of obtaining liquid ammonia, it fuses between 88° and 95°, 
swells up, begins to boil at 99° and gradually becomes white and 
anhydrous. (Niemann, Br . Arch 36, ISO) 
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H. Rose. 
14 76 to 15 19 
85 24 „ 84 81 


3NH 3 . 51 0 . 15*1 

2AgCl 286*8 84 9 

3NH 3 ~2AgCl 337*8 . 100 0 100 00 100 00 

l. When a solution of chloride of silver in strong ammonia is left to 
stand in an imperfectly closed vessel, ammonio-chlonde of silver sepa¬ 
rates out from it m transparent and colourless rhombohedral crystals, 
often a quarter of inch in length. These crystals blacken when exposed 
to light, even while immersed in the liquid } when exposed to the air or 
immersed m water, they give off all their ammonia and are converted 
into opaque, friable chloride of silver. (Faraday ) According to Kane 
(Ann Ohim. Phys 72, 290), white opaque, rhombic tables are produced, 
which immediately give off their ammonia when exposed to the air. 

The solution of chloride of silver in dilute ammonia does not deposit 
ammonio-chloride of silver on evaporation, but pure crystallized chloride 
of silver. (Faraday.) The solution when heated deposits fulminating 
silver. (Proust) Sulphite of ammonia boiled with it, throws down all 
the silver in a state of extremely minute division. (Berthier) On 
passing chlorine gas through the solution, till all the ammonia is decom¬ 
posed,—whereupon detonations of chloride of nitrogen are produced— 
the liquid yields a giey piecipitate, which turns violet after the ammonia 
is completely decomposed, but like the white chloride of silver, contains 
75 per cent, of silver, dissolves completely in ammonia, and is thrown 
down from it by nitric acid in the form of a wdiite precipitate. (Cavalier, 
*7. Pharm . 16, 552.) The precipitate is dark grey at first, then becomes 
light grey, and, after further transmission of chlorine, almost white. 
(Bulk, J. pr. Chem. 3, 237.)—Zinc and copper quickly reduce the silver 
from the solution in the form of a greyish black, moss-like powder; lead, 
slowly hut completely; cadmium aud antimony, slowly and incompletely; 
tm, iron, bismuth and mercury are without action. (Fischer.) 

P. Chloride op Silver and Ammonium. —Becquerel obtained this 
compound by tbe galvanic process m octohedrons and tetiahedrons. 
(I. 400 ) Chloride of silver dissolves m a strong solution of sal-ammo¬ 
niac, so likewise does metallic silver, if the air has access to the liquid. 
If the air be excluded, the silver remains blight m tbe sal-ammoniac 
solution, only a trace dissolving; if the air he admitted, it turns black 
and dissolves, leaving only a grey dust of chloride of silver. On boiling 
silver in a solution of sal-ammoniac, or passing sal-ammoniac vapour over 
nearly red-hot silver, ammonia [and hydrogen gas 2] are evolved —A hot 
solution of sal-ammoniac saturated with chloride of silver yields opaque 
needles of that compound on cooling; a solution saturated at ordinary 
temperatures deposits the greater part of the silver-chloride on the 
addition of water. (A. Vogel, *7. pr. Chem . 2, 197 )—Carbonate and 
phosphate of silver-oxide dissolve in a hot solution of sal-ammoniac. 
(Brett.) 

Q. Argentg-perchlorate of Ammonia.— The solution of silver- 
perchlorate in aqueous ammonia yields a crystalline compound. (Mits-* 
cherlich.) 

E. Argento-nitrite of Ammonia. —The solution of silver-nitrite in 
warm concentrated ammonia yields this compound in large crystals on 
cooling. (E. Mitscherlich, Lekr'b ) 
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S. Ammqnio-nitrate of Silver-oxide. —Dry silver-nitrate rapidly 
absorbs ammoniacal gas, producing a degree of heat which causes it to 
fuse, and is converted, by taking up 22 55 per cent, of ammonia, into a 
white, coherent mass. This compound gives up its ammonia at a higher 
temperature. It is completely soluble m water. (H. Rose, Pogg. 
20, 158.) 

H Rose. 

3NH 3 51 . 23 08 .. 22 81 

AgO,NQ 5 _170_ 76 92 _ 77 19 

3NH 3 ,AgO,NOs 221 100~00 100 00 

T. Argento-nitrate of Ammonia —This compound eabily separates 
from a solution of silver-nitrate supersaturated with ammonia The 
crystals blacken when exposed to light, and aie easily soluble m water 
(C Gr. Mitscherhch, Pogg 9, 413.)—They fuse when heated, give off 
nitrogen gas and ammonia, and yield metallic silver, which forms a spe¬ 
cular coating on the sides of vessel, while nitrate of ammonia remains in 
solution : 

3(AgNH- + NH*H0,X0 5 ) = 3Ag + 2NH 3 + N + 3(NH 3 ,H0,N0 5 ). 

^Kane, Ann Qhu/i. Phys. 72, 288 )—The first drop of ammonia added to 
i neutral solution of silver-nitrate, produces no precipitate, but lenders 
L he liquid strongly alkaline, without, however, imparting to it the odour 
>f ammonia A solution supersaturated with ammonia and e\aporated 
o diyness, gives off nothing but the exce-s of ammonia, and leaves 
crystals of the double salt, whose solution exhibits an alkaline reaction. 
The same compound [piobably containing free nitrate of silvei-oxide ?] 
s obtained by dissolving siher-oxide m nitrate of ammonia v Wetzlar, 
¥chw. 53, 103.) — Protosulphide of phosphorus added to the aqueous 
,olution of this salt, throws down a blackish grey substance, chiefly con¬ 
sisting of sulphide of silver. (Berzelius, Ann Pkarm 46, 140)—Zinc, 
sadmium, tin, lead, copper, and arsenic,, reduce the silver from it with the 
greatest rapidity, because their oxides are soluble m ammonia, mercury 
Lnd antimony act less quickly; bismuth and iron not at all (Fiscber ) 


2NH 3 

34 

16 67 

C. G Mitscherhch. 
IS 0 

Kane 

AgO 

116 

56 86 

55 0 

56 35 

NO 5 

54 

26 47 

26 4 


N H 3 , Ag O + N NO 5 

204 

100 OO 

99 4 



According to Kane, tbis compound should be regarded as AgNH 2 -f 
\ T H 3 , HO, NO 5 . 

Since ammonia forms soluble compounds with all silvei-salts, there 
>robably exist a greater number of double salts composed of aigentate of 
ammonia and another ammoniacal salt, perhaps, however, the two salts 
ften remain mixed without enteung into chemical combination Accord- 
ug to Wetzlar, a solution of silver-oxalate m ammonia leaves silver- 
xalate free from ammonia on evaporation 


Silver and Potassium. 

A. Allot of Silver and Potassium —Potassium acts rapidly on 
eated silver; water extracts potash from the compound, ami leaves the 
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silver behind, (H. Davy.)—Serullas did not obtain any alloy of silver 
and potassium by igniting silver with crude tartar. 

B. Argent a tf op Potash —Hydrate of potasb fused for 10 minutes 
in a silver crucible becomes yellowish, and, when dissolved m water after 
cooling, depos’ts a black mixtuie of silver and siher-oxide; the solution 
does not contain siher. (Chodnew, J p Ckem 28, 222.) 

C. Carbonate op Silver-oxide and Potash —Cold aqueous carbo¬ 
nate of potash dissolves a small quantity of carbonate of silver-oxide 
(and likewise, though still less, of chloride of silver) The solution, if 
heated, yields a precipitate blackened by organic matter from the filter. 
(Wittstem, Repert. 81, 14 5) 

D SrLPHiDE of Silver and Potassium —Becqnerel obtained this 
compound by the galvanic process (I 401, 402) in splendid prisms. 

E Hyposulphite of Silver-oxide and Potash —When an aqueous 
solution of hyposulphite of soda is saturated with chloride of silver, and 
a strong solution of caustic potash, or of carbonate, sulphate, or nitrate 
of potash added to it, the double hyposulphite is precipitated in small 
pearly scales, which must be washed with cold water and then dned, 
they have a very sweet ta^te, fuse and turn black when heated upon 
charcoal before the blowpipe, and yield silver surrounded with a mass of 
salt j they are slightly soluble in water. (Hersehel ) 

F Sulphite of Silver-oxide and Potash. —Sulphite of silver-oxide 
dissolves in aqueous sulphite of potash. 

G. Sulphate of Silver-oxide and Potash.— Sulphate of potash 
fused with sulphate of silver-oxide solidifies in a crystalline mass. (H. 
Rose, Rogg. 52, 463.) 

H Iodide of Silver and Potassium.— Iodide of silver dissolves 
readilv in cold, still more readilv xn hot aqueous iodide of potassium. 
Water and alcohol precipitate it from the solution.— a . Ribasic —A con¬ 
centrated solution of iodide of potassium, partially saturated while hot 
with iodide of silver, solidifies on cooling in a white crystalline mass, 
which liquefies ana in when heated. The crystals when pressed and dried 
have the composition given under a 

b Monobasic . Fiom a highly concentrated solution of iodide of 
potassium completely saturated with iodide of silver, this compound 
crystallizes in white needles on cooling. The analysis of these needles is 
gi\en under h, a. Their solution in hot alcohol yields, on cooling, white 
needles, which turn yellow on drying, and blue when exposed to light. 
Their analysis is given under 5. £ (Boullay, Aim C/iim. Plugs. 34, 377.) 
—On saturating potash-ley with iodine, then evaporating, and fusing m a 
silver crucible, a large quantity of silver is dissolved, the solution of the 
mass in a small quantity of water deposits iodide of silver on the addition 
of a larger quantity. (Anthon, Repert 43, 174 ) 

Boullay. 

a . 

20 330*4 58 54 , 61 17 

Agl 234 0 41 46 38 83 

~2KI,AgI 


5b4 4 


100 00 


100 00 
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Boullay. 

b , a . ft ,( 3 . 


KI 

, 165*2 

41*38 

41*74 

. 40*8 

Agl 

234 0 . 

58 62 

58*26 

59 2 

KI, Agl 

399 2 

100 00 

. 100*00 

100*0 


I. Chloride op Silver and Potassium —Becquerel obtained this 
compound by the galvanic method (I. 401) in tetiahedrons and octo- 
hedrons. Chloride of silver behaves with chloride of potassium m the 
same manner as with chloride of sodium. (Wetzlar ) 

K Nitrite of Silver-oxide and Potash —Obtained by adding 
nitrite of potash m excess to a solution of silver-nitrate > and evaporating 
over sulphuric acid —Crystallizes m rhombic prisms of about 50°, with 
several modifications. Yellowish, permanent m the air, resolved at a 
gentle heat into the silver and potash salts , if more stiongly heated, and 
then digested m water, it yields metallic silver. The former decompo¬ 
sition is likewise produced by water. (Pischer, Fogg. 74, 115.) IT 

Silver and Sodium. 

A. Borax dissolves silver-oxide and likewise metallic silver in the 
outer blowpipe flame, and, on cooling, becomes opalescent or milk-white, 
accoidmg to the quantity, in the inner flame, it turns grey from reduction 
of silver. (Berzelius ) 

B. With microcosxnic salt, both silver-oxide and the metal form in the 
outer flame, a yellowish, or if the quantity of silver he considerable, an 
opalescent glass, which appears yellowish by transmitted day* light, and 
reddish by transmitted candle-light. In the inner flame it turns grey by 
reduction. (Berzelius ) 

If C. Metapiiosphate of Silver-oxide and Soda. —Formed by 
mixing a solution of silver-nitrate with excess of metaphosphate of soda, 
and leaving the solution to crystallize for 2 or 3 days Beautiful trans¬ 
parent crystals are then formed, belonging to the oblique prismatic 
system They contain 09 05 per cent, ot metaphosphate of silver-oxide 
and 0 86 of metapiiosphate of soda, corresponding to the formula 
Ag0,P0 5 + Na0,P0 5 —When, on the contrary, metapiiosphate of soda 
is mixed with a large excess of silver-nitrate, smaller crystals are foimed, 
consisting meiely ot metaphosphate of silver-oxide, S(AgO,aP0 5 ) + 2Aq. 
(See p. 150). (Fleitmann & Henneberg, Ann . Fhcam. 65, 310 ) IF 

D Hyposulphite of Silver-oxide and Soda.— a . 2(Na0,S 2 0 2 ) -f 
AgO,S 2 0 3 .—1. Formed by evaporating a solution of silver-chloride in 
aqueous hyposulphite of soda at a geutle heat, till it crystallizes The 
crystals are contaminated with a considerable quantity of sulphide of 
silver. (Herschel, Echrib. Fhil J. 1, 398.)—2. By saturating a concen¬ 
trated solution of hyposulphite of soda with chloride of silver, which 
may have free acid adhering to it, till the liquid becomes turbid by 
deposition of a white powder, then filtering, precipitating by alcohol, 
washing the laminar precipitate with alcohol till the liquid which runs 
off contains no more chlorine, and drying it as quickly as possible in 
vacuo without application of heat. (Lenz)—3. By adding a neutral 

n2 
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solution of silver-nitrate, drop by drop, to aqueous hyposulphite of soda 
till a permanent precipitate oi salt b begins to appear, then filteung, 
precipitating by alcohol, and proceeding as in 2. (Lenz, Ann. Pharm . 
4°, 94 ) 

Silky laminae united in tufts, and having a very sweet taste. (Hers- 
cliel) On evaporating the aqueous solution in vacuo, large laminae are 
obtained; but, if the salt be precipitated from its aqueous solution by 
alcohol, then heated till it re-dissolves, and left to cool, fibrous needles 
aie formed having the same composition 

The salt is not altered by air or light. At 100° it gradually becomes 
darker, fiom formation of sulphide of silver. The aqueous solution, 
when boiled for a long time, likewise deposits sulphide of silver and turns 
sour. Hydrochloric acid acts slowly on the aqueous solutiou at ordinary 
temperatures, forming a black precipitate from which ammonia extracts 
chloride of silver. (Lenz )—The salt dissolves readily in water (Herschel); 
it is easily soluble in ammonia, and likewise, to a certain extent, in 
alcohol, especially if the alcohol he warm or diluted with water. (Lenz ) 



C) ystalhzed 

Lenz 

2NaO 

G2 4 

IS 33 

IS 44 

AgO 

116*0 

34 OS 

33 50 

3S-0- 

114 0 

42 30 

43*01 

2HO 

18 0 

5*29 

5*05 


340 4 

100 00 

.. 100*00 


b . Na0,S 2 0 2 -f Ag0,S 2 0 2 .—1. The above solution of chloride of sdver 
in hyposulphite of soda, when cooled after the salt a has separated from 
it, yields small, hard, strongly shining, flat, six-sided prisms, bevelled 
with two faces. They have a sweet taste, fuse wdien heated, turning 
black and yielding sulphide of silver, and are slightly soluble in water. 
(Herschel.)—2. The same compound is obtained by adding a neutral 
solution of silver-nitrate to aqueous hyposulphite of soda, as long as a 
precipitate forms The precipitate, which is flocculent at first, soon 
becomes crystalline, turns somewhat brown m washing, and after drying, 
assumes the appearance of a dingy white crystalline powder It turns 
black when boiled with water, or on exposure to the air, and is then no 
longer soluble in hyposulphite of soda, although in the undecomposed 
state it dissolves completely m that salt, forming a solution which con¬ 
tains the salt a ; in its original state, it is likewise easily soluble in 
ammonia, hut sparingly in water. (Lenz ) 



' Crystallized. 

Lenz. 

NaO 

31 2 . 

. 12 37 

12 29 

AgO .... 

. 116 0 

46*00 

45*68 

2S 2 0 2 

96*0 

38.06 

38*20 

HO .. . 

9 0 

3*57 

3 83 


252 2 , 

.. 100*00 

100 00 


E. Sulphite of Silver-oxide and Soda.— Analogous to the potash- 
compound 

F. Chloride of Silver and Sodium— 1. Fused chloride of sodium 
dissolves chloride of silver, and the mixture solidifies at a dull red heat, 
forming a transparent, slightly coloured glass, which has a saline, non- 
metallic taste, turns violet on exposure to light, and is decomposed by 
water. (Boussingault, Ami. Ckim. Pkys . 54, 261 )—2. By saturating a 
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strong boiling solution of chloride of sodium with precipitated chloride of 
silver, a solution of chloride of silver and sodium in aqueous chloride of 
sodium is obtained, from which the double chloride crystallizes on cooling, 
mixed, however, with a small quantity of free chloride of sodium.—A 
more dilate solution of common salt likewise takes up chloride of silver 
on boiling, but deposits it again unchanged on cooling, inasmuch as the 
excess of water exerts a decomposing action on the double chloiide.—Cubes, 
which are undistinguishable from those of common salt, and do not blacken 
when exposed to light When immersed m water, they are resolved into 
chloride of silver and a dilute solution of common salt. With an almost 
saturated solution of common salt, the double chloride forms a solution, 
from which water throws down chloride of silver, but which is not 
precipitated either by green vitriol or by potash (Wetzlar, Sclav. 51, 371, 
53, 97.)—3. Becquerel obtained this compound by the galvanic process 
in tetrahedrons and octohedrons. (I. 401.) 

G Nitrite of Silver-oxide axd Soda. —Analogous to the nitrite 
of silver-oxide and potash. (Fischer.) IT 


Silver and Barium. 

A Alloy of Silver and Barium.' — a. Clarke (Gilb. 62, 373), by 
heating silver and baryta together before the oxy-hydrogen blowpipe, 
obtained a greyish-white, strongly shining, hard, and very malleable 
alloy, which fell to powder when exposed for a while to the air — b Lam- 
padius {Sclav 15, 146), by exposing a mixture of 4 pts. silver, 4 baiyta, 
and 1 charcoal-powder, to a white heat, obtained an alloy which, on 
exposure to the air, was reduced to a powder consisting of baryta and 
silver-oxide [?] 

B. Chloride of Silver and Barium —Obtained by the galvanic 
process in octohedrons and tetrahedrons. (Becquerel.) 

IT C Nitrite of Silver-oxide and Baryta. —Analogous to the 
potash-salt (Fischer) IT 


Silver and Strontium. 

Hyposulphite of Silver-oxide and Strontia —Chloride of silver 
immersed m an aqueous solution of hyposulphite of stiontia, is converted 
into a white powder, very slightly soluble m excess of hyposulphite of 
strontia, but easily in ammonia, with which it forms an intensely sweet 
liquid. (Herschel.) 


Silver and Calcium. 

A. Hyposulphite of Silver-oxide and Lime. —a . Aqueous hypo¬ 
sulphite of lime, saturated with chloride of silver, forms, on agitation 
with a large quantity of alcohol, a white precipitate, which must be 
washed with alcohol till all the chloride of calcium is removed, then 
pressed, and dried in vacuo.—White, very sweet, easily soluble in water, 
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with the exception of a residue arising from decomposition during drying. 
(HerscbeL) 

h. When to a solution of hyposulphite of lime already saturated with 
chlonde of silver, a further quantity of that compound is added, the latter 
is immediately converted rato a bulky, white, crystalline powder The 
wash-water, evaporated at a gentle heat, yields very oblique prisms of 
the double salt. This compound decomposes slightly when kept It 
dissolves very sparingly in water, but abundantly m ammonia, with 
which it forms a very sweet liquid. {Herschel ) 

B. Chloride of Silver and Calcium —Chloride of silver dissolves 
in a strong solution of chloride of calcium. (Wetzlar.) 


Silver and Silicium. 

A. Alloy of Silicium and Silver. —Silver heated with silicium 
before the blowpipe, forms a malleable alloy, which dissolves m acids, 
leaving a small residue of silica (Berzelius, Fogg 1, 220 ) 

B. Carbide of Silicium and Silver —Silver, mixed with silica and 
lamp-black, and exposed to the heat of a forge, takes up a certain quantity 
of silicmm and carbon. (Stromeyer.) 

C. Fluoride of Silicum and Silver —AgF,SiF 2 —A solution of 
silver-oxide in kydrofiuosilic acid, yields granular crystals, which deli¬ 
quesce in the air Ammonia added to the solution throws down a light 
yellow basic salt , which, when treated with excess of ammonia, is con¬ 
verted into Silicate of Silver-oxide, 

D. Silver-oxide imparts a yellow colour to glass fluxes 


Silver and Tantalum. 

Tantalate of Silver-oxide —White, insoluble precipitate. 


Silver and Tungsten. 

A. Alloy of Silver and Tungsten. —Fale brown alloy, somewhat 
spongy and malleable. (Be Luyart.) 

B. Tungstate of Silver-oxide, or Silver-tungstate — Bi-aeid — 
Alkaline bi tongs tales added to solution of silver-nitrate, throw down an 
anhydrous white powder This powder turns brown when gently heated, 
greenish-brown at a stronger beat, and at a bright red heat is converted 
into a coherent mass having the metallic lustre In tbe unignited state, 
it does not dissolve in water, scarcely at all in phosphoric or acetic acid, 
more readily in ammonia and m potash, and with a brownish colour m 
oxalic acid. (Anthon, J pn Ckem. 9, 847 ) 


AgO 
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32 58 
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2 WO 3 
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C. Sulphotungstate of Silver. —AgS,WS 3 —Bark brown precipi¬ 
tate which soon turns black, gives off sulphur when distilled, and leaves a 
lead-grey residue. (Berzelius.) 


Silver and Molybdenum. 


A. Alloy of Silver and Molybdenum —1 pt. of silver forms 
2 parts of molybdenum, a grey, granular, brittle alloy. 

B. Molvbdvte of Silver-oxide, or Silver-molybdate —Molybdate 
of potash forms with nitrate of silver oxide, a greenish-white precipitate, 
slightly soluble m water (Richter )—Molybdic acid forms with nitrate of 
silvei-oxide, a white, flaky precipitate (Scheele ) This precipitate is 
slightly soluble m nitric acid (H. Rose, Poyg 40, 400.) 


*1 2£onomolybdciie —Neutral molybdate of potash forms with nitrate 
of silver-oxide, a yellowish-white, flocculent precipitate, which darkens 
when exposed to light It is sparingly soluble in pare w ater, but dis¬ 
solves readily in water containing nitric acid. (Svanberg & Struve, Ann 
Pham. 68, 299.) 

Dried at 100°. Svanberg & Struve. 

AgO 116 62 34 61*33 

MoO 3 72 37*66 38 67 

~AgO r Mo0 3 ~ 188 100 00 100 00 


b. Acid ILolybdate .—Termolybdate of potash forms with nitrate of 
silver-oxide, a flocculent, yellowjsh-white precipitate of somewhat variable 
composition, but agreeing best with the formula, AgO,3Mo0 3 -f AgO, 
2 MoO 3 . 


Svanberg &, Struve. 

2AgO ...... ..232 39 19 39 75 to 41 14 

5Mo0 3 . 360 60 81 


AgO,3Mo0 3 -f AgO,2Mo0 3 . 592 100 00 


(Svanberg & Struve, Ann , Pkarm . 6S, 299.) IT 


C. Sulphomolybdate of Silver —AgS,MoS 3 .—Black precipitate, 
which, after diyiug, is lendered lead-grey and shmiug by pressure. 
(Berzelius, -Fogg 7, 277 ) 

B. Persulphomoybdate of Silver. —AgS,MoS 4 —Very dark brown 
precipitate, which turns black when collected. (Berzelius, Pugg. 7 } 288.) 


Silver and Vanadium. 

Vanadiate of Silver-oxide, or Silver-vanadiate —a Monobam . 
—Neutral nitrate of silver-oxide, decomposed by mono vanadiate of 
ammonia, yields a white or pale yellow precipitate When the siher- 
soiution is mixed with powdered vanad.ate ol ammonia, the precipitate 
formed is yellow at first, but turns white aftei being stirred for some 
time; and if the mixture be warmed or left to stand lor 24 hours, becomes 
yellow again, though paler than at first. If the silver-solution be pre- 
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cipitated by tbe dissolved ammonia-salt, tlie precipitate obtained is yellow 
and very gelatinous. (Berzelius ) 

b. Bwanadiate, —Aurora-red, fuses below a red beat and crystallizes 
on cooling. Slightly soluble in water, easily in nitric acid and in very 
dilute ammonia. Tbe latter solution is pale yellow, and when left to 
spontaneous evaporation, yields crystals of an ammoniacal double salt. 
(Berzelius) 


Silver and Chromium. 

Chromate of Silver-oxide, or Silver-chromate — a . Monochrornate* 
—Silver-oxide abstracts chromic acid from aqueous monochromate of 
potash, leaving the liquid alkaline, even a large excess of the oxide does 
not remove the whole of the acid, unless it is added in the state of 
ammoniacal solution (Fischer, Kastn Aich. 9, 351 )—1. This compound 
remains, on boiling the bichromate of silver-oxide with water, m the 
form of a dark green, crystalline mass, which appears green by trans¬ 
mitted light, but yields a red powder (Warington )—2. The solution of 
the bi-acid salt m aqueous ammonia, becomes covered, if left to spon¬ 
taneous evaporation, with a dark-green, metallic-looking ciust of the 
monochromate, which appears red by transmitted light, and yields a red 
powder. (Warington, Phil* Mag. J 11, 489, also Ann . Pkavm. 27, 12; 
also J* pr Chem. 12, 338.) The product thus obtained consists of scales, 
laminae, or fine needles (Hayes likewise obtained needles), of a brown, 
yellowish-brown, or greenish-brown colour, dark red by transmitted 
light, immediately converted into chloride of silver by hydrochloric acid, 
common salt, or sal-ammoniac, insoluble in water, hut soluble m acids, 
ammonia, and chromate of potash. (Fisher, Kastn. Arch. 9, 355.) 
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The pieeipitate obtained by adding monochromate of potash to a 
neutral solution of silver-nitrate probably also belongs to this head, 
although ii exhibits no green colouring.— This precipitate is of a deep 
purple-red colour, finely crystalline, and daikens when exposed to light. 
In the outer blowpipe flame, it fuses to a bead which exhibits the metallic 
lustre, but still yields a puiple povder, in the inner flame it is reduced 
to chromic oxide and metallic silver. (Vauquelm ) Seveial metals, when 
immersed for some time in water in contact with silver-chromate, exert 
a reducing action upon it. (Vauquelm.) Cadmium separates pure silver; 
zinc separates Llack-biown, aiboiescent silver mixed with chromium [?] ; 
tin, lead, and iron, a brown spongy powder, probably containing chromate 
of silver-oxide as well as metallic silver, and arsenic, a powder having 
more of a green tinge, arising from the presence of chromic oxide, copper 
and mercury act very feebly upon it; tin and antimony not at all. When 
decomposition takes place, the water acquires a yellow tinge, from the 
presence of chiomic acid (Fischer, Pogy S, 4SS.)—Monocliiornate of 
sih er oxide is decomposed by hydrochloric acid, hydrochlorates, and 
sulphates. (Hayes) It is insoluble iu water, but dissolves m acids, 
alkalis, and alkaline chromates (Fi&cher, Kastn. Aich 9, 355 ) 

h. Bickt om*rt €*—1 A plate of siher immersed m an aqueous solution 
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uf 3 pts. bichromate (or monochromate) of potash, and from 3 to 4 pts. of 
oil of vitriol* becomes covered with scarlet crystals. The crystalline film 
must be frequently removed, otherwise it will interfere with the action. 
The silver is oxidized at the expense of part of the chromic acid, which, 
being reduced to chromic oxide (part of which forms chrome-alum), colours 
the liquid first brown and then green (Warington ) The formation of 
the crystals is remarkably accelerated by the heat of the summer sun. 
(Zeller, Repert. 71, 250 ) Helmsauer ( Repert . 38, 105), had previously 
obtained crystals in this manner, from an aqueous mixture of sulphuric 
and chromic acids with silver; but he regarded them as composed of sul¬ 
phate and chromate of silver-oxide —2. The same compound is obtained 
on mixing a solution of silver-nitrate with bichromate of potash Waring¬ 
ton uses an acid solution of silver-nitrate, and obtains a purple-red 
crystalline precipitate. Zeller boils the mixture for a while, filters, and 
in that way obtains crystals. It had been previously observed by Vau- 
quelm, that the precipitate formed by monochromate of potash m an acid 
solution of silver-nitrate, has a particularly fine red colour; and the same 
was observed by Moser in the precipitate obtained with the silver solution 
and bichromate of potash. From a mixture of [acid *2] solution of silver- 
nitrate and chromate of potash, filtered from the piecipitated silver- 
chromate, Teschemacher obtained, after leaving the liquid to stand for a 
long tune, distinct crystals, which will be presently described.—3. A mix¬ 
ture of silver-nitrate and chromic acid yields ruby-ied crystals (Moser.) 
—4 The solution of the monobasic salt in nitric acid yields red crystals 
on evaporation. (Vauquelm )—5. Rhombic tables are likewise obtained 
by evapoiatmg the solution of the salt in warm water; they are daik 
brown by reflected, and carmme-colouied by transmitted light (Waimg- 
ton); steel-grey by reflected, ruby-red by transmitted light. (Moser )— 
6 The filtrate obtained by boiling the salt with water, deposits the salt 
in red micaceous laminae on cooling. (Warington.) 

The salt crystallizes in laminm and pusms belonging to the doubly 
oblique prismatic system. Fig . 121: y : u = 69° 55'; y : v = 123°; u . v = 
101 u 5', They have a strong metallic lustre, and appear dark red by 
transmitted light, like Red Silver-ore (Teschemacher, Phil Mag . Ann. 
1, 345, also Schw. 50, 254.) The salt prepared by (1) forms scarlet 
rhombic lammse, often with two truncated summits (Warington); ruby- 
red transparent prisms (Helmsauer); by (2), on mixing the solutions hot, 
and leaving the filtrate to cool' shining, carmine-coloured, micaceous 
lam mm (Zeller), by (2), the liquids being mixed cold, carmine-coloured 
crystalline powder (Yauquelin), which, when examined by the microscope, 
is found to consist of iliombic laminee (Moser) . 

Crystallized (1 ) Wanngton. 

AgO 116 52 73 . 52 95 

2Cr0 3 104 47*27 46 80 

AgO,2Cr0 3 220 100 00 99*75 

The salt heated before the blowpipe yields an emerald green bead 
(Teschemacher) ; when strongly ignited, it yields chromic oxide and 
metallic silver. (Helmsauer.) It dissolves sparingly m water, forming a 
bright yellow solution, which reddens litmus, and yields crystals on eva¬ 
poration. When boiled with water, it is resolved into dark green mono¬ 
chromate of silver-oxide and an acid solution, which, on cooling, again 
yields crystals of bichromate of silver-oxide. It is easily soluble m nitiic 
acid and ammonia. (Warington.) 
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B. Argento-chromate op Ammonia* —NH 3 , AgO -f NH 3 ,Cr0 3 . 
Formed by dissolving chromate of silver-oxide m warm concentrated 
ammonia, and leaving the solution to crystallize by coolmg. Yellow, 
transpaient crystals, lsomorphous with those of the argento-sulphaie and 
argento-seleniate. Fig . 31: p : 5=127° 47'.—When exposed to the air 
it gives off ammonia macb more quickly than the argento-seleniate, and 
gradually acquires a red colour. Potash added to its aqueous solution, 
throws down fulminating silver. (E Mitsckerlich, Fogg. 12, 141 ) From 
a solution of silver-chroinate in ammonia, zme throws down metallic silver 
and chromium, cadmium precipitates nothing hut silver, copper quickly 
precipitates a grey powder, probably a mixture of silver and chromic 
oxide, lead throws down pure silver at first, hut afterwards a black den- 
dutie powder. In this reaction, the ammonia, if not m excess, does not 
dissolve a trace of the precipitating metal Tm, iron, and mercury, have 
no action on the salt. (Fischer, Eastn. Arch 8, 488.) 


Silver and Uranium. 

Ur an ate op Silver-oxide. —1 Ammonia added, not m excess, to 
an aqueous mixture of uranic nitrate and excess of silver-nitrate, throws 
down a yellowish red compound, which, after drying in vacuo, may be 
heated without undergoing any change beyond the loss ol a trace of 
water, and contains a quantity of silver-oxide, varying from 24 65 to 27*8,9 
per cent (Rammelsherg, Fogg 59, 10.)—2. Acetate of uranic oxide and 
silver-oxide yields uranate of silver-oxide when boiled with water. The 
latter becomes light brown on ignition, and is decomposed by hydrochloric 
acid, yielding chloride of silver and hydrochlorate of uranic oxide. (VYer- 
theim, J. pr. Ohem. 29, 221.) 


Silver and Manganese. 

^ Permanganate of Silver-oxide. —A warm solution of permanganate 
of potash, mixed with solution of silver-nitrate, yields, on coolmg, large, 
anhydrous crystals, belonging to the oblique prismatic system, Fig 88: 
u'. u = 112” 7'; i . u~ 92” 12'. They dissolve in 109 pts. of cold water, 
m a much smaller quantity of hot water, and may be recovered by gentle 
evaporation, though decomposition takes place on boiling. (Mitscherllch, 
Fogg. 25,301.) 


Silver and Arsenic. 

A. Arsenide op Silver. — According to Gehlen, 100 parts of 
pulverulent silver, heated with an equal quantity of arsenic, take up, 
without visible combustion, about 16 parts of the latter, and form a com¬ 
pact, bteel-grey, brittle, fine-grained mass According to Bergman, silver 
in the fused state takes up ^th of its weight of arsenic, becoming yellow 
and biittle. Siher and chloride of silver do not act upon arsemous acid 
at high temperatures. (Gehlen.) 

B. Arsenite of Silver-oxide, or Silver-arsemte —Arsemte of 
potash or ammonia throws down a yellow powder from solution of silver- 
nitrate. Free arsenious acid produces only a white turbidity, the yellow 
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precipitate appearing only on the cautions addition of the alkali The 
yellow powder turns brown on exposure to light When dried at a gentle 
heat, it still remains yellow, if it be then more strongly heated, it turns 
black, still giving off a small quantity of water and arsemous acid (accord¬ 
ing to Maicet, a dark brown basic salt is produced) On igniting it in a 
gla-s-tube till the glass softens, a larger quantity of aisemous add 
sublimes, and the residue is a mixture of silver free from arsenic, and 
arsemate of silver-oxide (Simon, Pogcf 40, 419 ) The salt heated on 
charcoal before the blowpipe, yields a globule of silver It is insoluble in 
water but dissolves m acds, in nitric acid, for instance, and when recently 
precipitated, also in ammonia (Marcet, Ann Phil , 3, 230, also Sckw. 13, 
110) It dissolves m acetic acid moie leadily than the phosphate of 
silver-oxide. (H Rose ) It dissolves imperfectly, leaving a dingy yellow 
residue, m carbonate, sulphate, and nitrate of ammonia, by immersion m 
a solution of sal-ammoniac, it is converted into chloride of silver. (Witt- 
stem, Pepert 51, 41 ) Aisenite of silver-oxide is not converted into 
arseniate, even by repeated boiling with nitric acid (Laugier & Pelletier, 
J Pharm. 11, 387 ) 

w By pouring a solution of arsenions acid into an ammoniacal solution 
of silver-nitrate, Filhol obtained a salt, having the composition, 3AgO, 
AsG 3 This salt is of a siskin-yellow colour, soon turning green on 
exposure to light. It is difficult to deprive it of the whole of its water; 
at 140°—-I50A it suddenly assumes a fine black tint, and loses only 0 2 
percent in weight, at a stronger heat it fuses, and gives off arsenious 
acid (Filho], Ann. Pharm. 68, 311 ) 

C ArsEXTATE OF SlLVER-OXIDE, Or SlLVER-ARSENIATE —Li Terhctsic. 
—Formed by precipitating a solution of silver-nitrate with arsenic acid, 
or with monobasic, bibasic, or terbasic ar&eniate of ammonia, potash, or 
soda —Arsenic acid and mono-arseniate of potash precipitate silver-oxide 
imperfectly, because the acid which is set free retains part of the salt m 
solution. (Scheele ) When a bibasic alkaline arseniate is used, the 
supernatant liquid becomes acid (Mitscherhch), with a terbasic salt it 
lemams neutral (Graham )—The precipitate carries down with it a 
small quantity of silver-nitrate, which cannot be completely removed by 
washing, but if the liquid contains nitrate of ammonia, no nitrate of 
silver-oxide mixes with the precipitate, moreover, the latter, when 
brought in contact with a pure solution of silver-nitrate, does not take up 
any of it, hence it would appeal, that arseniate of silver-oxide can only 
take np the nitrate at the very instant of precipitation. (Graham )— 
Dark brown-ied precipitate —When heated m a retort till the glass 
softens, it fuses without decomposition, and forms a brown mass, trans¬ 
lucent at the edges, by still stronger ignition m a covered crucible, it 
yields metallic silver. (Scheele ) On charcoal before the blowpipe, it 
yields arsenical silver (Simon.)—Hydrochloric acid converts it into 
chloride of silver It is insoluble in water, but dissolves in aqueous 
ammonia (Scheele, Opusc 2, 52 )—Dissolves leadily in carbonate of 
ammonia, but not in sulphate, nitiate, or succinate of ammonia, even on 
the application of heat (Wittstein ) Dissolves \ ery sparingly in nitrate 
of ammonia, more freely m acetic acid. (Graham.) 

Smithson. 

3AgO 348 75-16 . 76 69 

AsG 3 . 115 24-84 23 31 


3AgO,AsO s 


463 


100*00 


100*00 
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b. Add Armiiate .—Aqueous arsenic acid lias no action on silver; but 
when the acid is fused with silver, arsenious acid sublimes, and there is 
formed a nearly transparent, colourless glass, from which water extracts 
arsenic acid, together with a small quantity of silver-oxide, leaving 
behind the brown-red salt a (Scheele.) 

D. Sulpharsenxte op Silver — a . Twelve-basic. —12 AgS, AsS 3 .— 
The yellow precipitate formed on mixing an ammomacal solution of chlo¬ 
ride of silver with excess of solution of orpimenfc m aqueous potash. If 
the chloride of silvei solution is in excess, nothing but sulphide of silver 
separates out. (Berzelius ) 

b. Terhasic. —3 AgS, AsS 3 .—Found native in the form of Light Red 
Silver —3 At. sulphide of silver unite by fusion with 1 At. of tersulphide 
of arsenic, the action being attended with evolution of light and heat; and 
form a translucent, cochineal-coloured mass. This mass, when fused in 
an atmosphere of hydrogen, gives off first sulphide of arsenic, and then 
pure arsenic, it then solidifies, and does not readily part with the last 
portions of arsenic (Wohler, Ann Pkarm. 27, 159.) 

Light Red Silvei, Aiseniccd Siher-blende .—Crystalline system, the 
rhombohedral Primary form, an obtuse rhombohedron, Fig 141 , 
r 3 : r 5 = 107 J 36', Fig 135, 145, 148, 15S, and other forms. A 
little harder than rock-salt. Sp. gr from 5 53 to 5 59. Semi-tians- 
parent, with an adamantine lustre; cochineal or carmine-coloured; streak 
aurora-red Fuses on charcoal before the blowpipe, diffusing an odour of 
arsenic and sulphurous acid, and forming a black, buttle, metallic bead, 
which yields a button of pure silver, -with difficulty wffien fused alone, but 
easily when treated 'with carbonate of soda. Potash-ley blackens the 
powder by dissolving out the sulphide of arsenic. Hot nitric acid also 
blackens the po'wder, and dissolves it partially, lea\ing a residue of 
sulphur and arsenious acid. 



Light Red Siher. 

H. Rose. 
I’lorn Joacliimsthal 

3Ag 

Sb 

324 

65 45 

64 67 

0 69 

As 

75 

15 15 

15 09 

6S 

9b 

19 40 

19 51 

3AgS,Ab* 

495 

100 00 

99 96 


On the Xanihotoue associated with light red silver, md. Breithaupt & PUttner. 
(J. pr. Chem. 20 7 ) 

c. JBibasic .—2 AgS, AsS 3 —Formed hv heating d —Black metallic 
mass, yielding a light brown powder, which is not alteied by heating out 
of contact of air. 

d. Monobasic —AgS, AsS 3 —A saturated solution of orpiment in 
hydrosulphate of soda forms with nitrate of silver-oxide a light biowm 
precipitate, which soon turns black, and, when heated m close vessels, 
gives off orpiment, then fuses, afterwards gives off more orpiment, and 
is converted into c. (Berzelius, Fogg. 7, 150.) 

E. Sulpharsenxate op Silver —3AgS, AsS 5 and 2AgS, AsS 5 .— 
Both the terhasic and the bibasic sulpharseniate of sodium, when added to 
a silver-solution, first colour it dark browm, and then throw down a black 
mass which yields a brown powder This substance, when heated in the 
air, is converted mto sulphide of silver by the combustion of the sulphide 
of arsenic, but, if heated to redness m a close vessel, fuses, without 
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evolving sulphur or sulphide of arsenic, and, on cooling, solidifies in the 
form of a grey, somewhat ductile cake, exhibiting the metallic lustre. 
(Berzelius, Pogg. 7. 29 ) 


Silver and Antimony. 

A Antimonide op Silver. —Found native —1. By fusing the two 
metals together, a silver-white, brittle alloy is obtained, whose specific 
gravity is less than the mean of the constituent metals When heated in 
the air it gives off antimony, which oxidizes and volatilizes. Neverthe¬ 
less, according to Bonsdoiff, 0 1 per cent, of antimony lemains obstinately 
combined with the silver, and gives it a dull, greyish look; it may, 
however, be removed by cupellation with lead.—2. When a solution of 
silver-nitrate is precipitated by antimony, broad, brittle, shining laminae 
of antimomde of silver are formed towards the end of the action; the 
alloy thus obtained does not fuse at a strong red heat, because the anti- 
monious acid which forms disposes itself between the particles of the 
silver, and prevents their union, till it is volatilized by continued blowing. 
(Fischer, Pogg. 10, 606, Kastn. Arch. 13, 224 ) 

Pative Antimonide of Silver. —Crystalline system the rhombohedral. 
Six-sided prisms with truncated lateral edges. Scalenohedrons {Pig. 147). 
similar to those of calcspar. (Breithaupt, Pogg. 7, 527; Schw. 52, 169.) 
Specific gravity from 9 4 to 9 8. Harder than calcspar. Silver-white. 
Fuses readily on charcoal before the blowpipe, giving off an antimonial 
fume, which stains the charcoal, and is reduced to a grey, brittle, metallic 
globule, which becomes white after longer blowing, and solidifies, with 
incandescence, to a crystalline globule on cooling, by still longer blowing, 
it is converted into pure metallic silver. Heated in a tube, it yields a 
sublimate of antimonic oxide, and becomes covered with yellow, vitrified 
antimonic oxide. (Berzelius)—In contact with mine acid, it is resolved 
into a solution of silver-nitrate, and undissolved antimonic nitrate. 



Antimonide of Silver. 

Klapioth. 




Klaproth, 


At. 



a. 

b. 

At. 



c 

Ag 

4 

432 

77*01 

76 

77 

6 

648 

83*4 

84 

Sb 

1 

129 

22 99 

24 

23 

1 .... 

129 

16*6 

16 

Ag 4 Sb , 


561 

100 00 

100 

100 

Ag 6 Sb 

777 

100 0 

100 


a is coarse-grained antimonide of silver from Wolfach, b, a lamino- 
granular variety from Andreasberg, c, fine-grained from Wolfach. 


B. Antimoniate of Silver-oxide. —White precipitate, insoluble in 
water. (Berzelius.) 

C. Sulphantimonite of Silver.— a Polybasite. — 2AgS, SbS 3 .— 
Part of the silver is replaced by copper, and part of the antimony by 
arsenic.—Regular, six-sided prisms, perpendicularly truncated. Specific 
gravity of the ore fiom Durango := 6 214 Fracture uneven, without 
cleavage-planes. Harder than rock-salt. Has a strong lustre and iron- 
black colour, and yields a powder of the same tint (H. Rose, Pogg* 
15, 573, 28, 156 ) Decrepitates slightly before the blowpipe; fuses very 
easily, yielding sulphurous acid and a film of antimony, sometimes also 
an arsenical fume, especially when fused with carbonate of soda; colours 
glass-fluxes in the same manner as copper. 
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Cu 


30 

990 

"9 63 


9 93 



Ag 


60 . 

6480 

03-03 


64 29 



Sb 


4 
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5*02 


5 09 
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5 

375 . 
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3 74 



S 
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17 04 
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- 
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H. Rose. 



H 
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b. 
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Cu 

4 
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3*75 
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6 
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4 12 

4*11 

Ag 

. 23 

2184 

72 78 

72 43 

30 

3240 

69 50 

69 99 

Sb 




0 25 

3 

387 

8 30 

8 39 

As 

3 

225 

6 39 

6 23 

1 

75 

1 61 

1 17 

S 

36 

576 

16 88 

16 S3 

48 

768 

16 47 

16 35 



3413 

100 00 

99 70 


4662 

100 00 

100 30 


a is Polybasite from Durango in Mexico = 9 [(4 Cu, 4 Ag) S] 4- 
( 4 Sb, 4 As)S 3 .— I from Sehenmitz^t)^ (-/ T Cu,|A Ag)S] -f AsS 3 .—c from 
Freiberg—9 [ (4Cu,-JAg) S] -j- (f Sb, -- As) ].—The preceding calculations 
show the probability of supposing that, in Polybasite, AgS and CuS 
replace each other, and not, as Rose is inclined to think, AgS and Cu c S 
—On the specific gravity and silver-percentage of various kinds of Polybasite, nd. 
Weissenbach (/. techn Chem 10, 208 ) 

b. Psaturose .—6 AgS, SbSk—Crystalline system the right prismatic. 
Fig. 70 u : u—115~ 39', cleavage imperfect, parallel to u and t. As hard 
as rock-salt, very little Spec, grav 6 27 5. (H. Rose.)—Dark lead-grey 
inclining to iion-black , yields a black powder—"When heated in an 
open tube, it yields a sublimate of antimonic oxide, sometimes also of 
arsemous acid On charcoal it fuses readily, and forms a white film, 
sometimes al-o emitting an odour of aisenic, when heated m the outer 
flame, it yields a bead of -liver. Dissolves easily m hot nitric acid, with 
separation of sulphur and antimonic nitrate. Tieated with boiling 
potash-ley, it turns black and gi\ es up sulphide of antimony, which may 
be thrown dovn from the solution by acids, m the form of an orange- 
yellow piecipitate (Kobell.) 
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0*64 

6\g 
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.. 70 36 
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Sb 
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14 01 

14 68 

9S 

144 

15 63 

16 42 


921 

100 00 

100 28 


For the percentage of sil\ei in various kinds of P&aturo^e, ud Weissenbach. 
(J. tcchn . Clam 10, 209A 

e. Dark Fed Silver , or Aniimonial Silver-blende —3 AgS, SbSl— 
Isomorphous with Light Red Silver, and agrees with that mineral in most 
of it 5 ? other properties. ? 3 : r 5 (Fig 141) = 108° 20b Sp gr. from 5 7 to 
5 9 Tianducent, varies in colour fiom brown-red to dark lead-grey; 
yields a cochineal-coloured powder. Heated on charcoal before the blow¬ 
pipe, it decrepitates slightly, than fuses, giving off an odour of sulphurous 
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acid and an antimonial fume; and after long blowing in tbe outer flame, 
yields a globule of pure silver. (Berzelius ) When ignited in a stream 
of hydrogen gas, it yields hydrosulphurie acid, and leaves 81 -48 per eent 
of antimonide of silver (Bonsdorff, Schw. 34 , 225 ) Its powder blackens 
in warm nitric acid, and ultimately leaves sulphur, together with anti- 
mom c nitrate. Boiling potash-ley turns it black, and extiacts sulphide of 
antimony from it 

An artificial Red Silver ore, likewise yielding a red powder, is 
obtained by igniting snlphantimomate of silver m a retort. (Bammelsberg ) 





Bonsdorff. 

Wohler. 

Bottger. 

RammeLbeig. 


Dari Red Stive? 

Andreaslierg 

Meuco 

Meuco 

m tificial. 

3Ag 

324 

59 02 

58 95 

60 2 

57 45 

57 94 

Sb 

129 

23 49 

22 83 

21 8 

24 59 . 

2**04 

6S 

Matrix 

96 

17 49 

16 61 

0 30 

18 0 

17 76 

19 02 


549 

100 00 

98 71 

100 0 

99 80 

100 00 


For the percentage of silver in vanous kinds of dark and light red silver ore, vid. 
Weissenbach. (/. techn, Chem. 10, 210 )] 

d. Miargyrite .—AgS,SbS 3 .—Crystalline system, the oblique prismatic 
Sp, gr. 5 3. Soft and easily cut,* opaque; colour varying from dark lead- 
grej to iron-black; powder, dark cherry-red. Fuses readily when heated, 
an a in an open tube gives off sulphurous acid, together with sublimed anti- 
monic oxide Heated on charcoal with carbonate of soda, it ultimately 
yields a globule of silver. 
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35*88 
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Sb 
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64 
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301 

100 00 
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I) Sxjlphaktimoxiate of SiLTER. —A solution of sulphantimoniate 
of sodium gradually mixed with less than an equivalent quantity of silver- 
nitrate, yields a brown-black precipitate, v Inch becomes brown when dry. 
This piecipitate dned at ISO'' and then ignited in a retort, gives off' 
sulphur, together with a trace of sulphurous acid, and leaves 96 17 per 
cent of artificial led silver ore. Potash-ley converts it into sulphide of 
silver, the yellow liquid forms with acids a copious precipitate of penta- 
sulphide of antimony, without evolution of sulphuretted hydiogen. 
(Bammelsberg, Pogg. 52, IS ) 

The same salt, mixed however with antimonie acid, is obtained by 
long boiling of native sulphide of antimony with solution of silver-nurate, 
m which operation it first turns brown and then black (Bammelsberg,) 

8SbS 5 + 13AgO = 5(3AgS,SbS*>) t 3SbO>. 


Bammelsberg 


3Ag 

. 324 . 

55*77 

57 70 to 55*21 
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129 

22*20 
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22 03 

22 85 ,, 21 88 


581 

100 00 



On the other hand, if the solution of Schlippe's salt be dropped into 
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an excess of tlie silver-solution, and boiled for a while, a liquid is obtained 
which reddens litmus, and a black precipitate = 8AgS -f SbO 5 . Boiling 
potash-lev extracts antimonic acid from it, and leaves sulphide of silver. 
At a gentle heat, it is partly converted into metallic silver, when heated 
to redness in close vessels, it gives off a large quantity of sulphurous acid, 
but no free sulphur; bakes together, yields a sublimate of antimonic 
oxide, and leaves a mixture of sulphide of silver, antimonic oxide, and 
artificial red silver oie. (Rammelsberg.) 

E. Alloy of Silver, Antimony, and Potassium. —Prepared like 
the alloy of copper, antimony, and potassium. Steel-grey, with a strong 
lustre, friable, more volatile than the copper-compound; contains a very 
large quantity of potassium (Serullas, Ann. Chim. Phys 21, 199 ) 


Silver and Tellurium. 

A. Tellurxdb of Silver. —Found native. The ore from Ivolywan 
has the form of an obtuse rhombohedron, it is malleable, gives off an 
odour of horse-radish when roasted, and yields a sublimate of selenium 
when heated m a tube (Hess, Pogg 2S, 407.) Ore fiom tlie Sawodinski 
mine Coarse-giained masses, whose specific gravity varies from 8 412 to 
8.165, somewhat harder than rock-salt, somewhat malleable, with a 
strong lustre, colour between lead-grey and steel-grey. Ignited in an 
open tube, it yields a white sublimate, which may paitly be driven away 
by continued blowing, and paitly contracts into fine drops. Fuses on 
charcoal to a black bead, which, when cold, exhibits on its surface 
numerous dendrites and globules of silver Mixed with carbonate of soda, 
and subjected to a continued blast, it yields pure silver. In phosphorus- 
salt it dissolves m the inner flame, forming a clear bead, which, on cooling, 
becomes opalescent, or if the quantity of the mineral be considerable, 
assumes a yellow tint, inclining to grey. After fusion in the outer 
flame, the bead remains transparent and colourless on cooling Dissolves 
slowly in cold, quickly in hot nitric acid, the solution, after a while, 
deposits tellurite of silvei-oxide. (G. Rose, Pogg. IS, 64.) Ore from 
Nagyag Exactly like that from Siberia, even m its behaviour before the 
blowpipe Sp. gr. from 8 81 to 8 45. (W Petz, Pogg. 57, 70.) 

G Rose Petz. 

Tell&ride of Silver. Sa^odmski Nagyag. 

Fe 0 24 to 0’50 FePb,S, trace 

A g 108 62-79 . 62*42 „ 62 32 .. 61*55 

An . . . 0 69 

Te_ 64 37*21 36-96 „ 36 89 . . 37 76 

AgTe 172 . 100 00 99*62 „ 99 71 . 100 00 

B. Tellurite of Silver-oxide, or Silver-tellurite — a Mono - 
tellurite .—AgO,TeOk Formed by double decomposition Yellowish 
white precipitate, soluble in ammonia, on the evaporation of which a basic 
salt is pxecipitated (Berzelius.)— h. BUellunte? Separates, after a 
while, from the solution of native telluride of silver in nitric acid, m 
small acuminated square prisms, having an adamantine lustre Fig. 29, 
e • e about = 107°. Insoluble m water. Since the nitric acid solution 
afterwards yields crystals of silver-nitrate, the salt must contain more 
than 1 atom of tellurous acid to each atom of silver-oxide. (G. Rose, 
Pogg. 18, 60.) 
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C. Tellurate of Silver-oxide, or Silver-tellurate. — a, Terbasic . 
—1. The solution of the salt c in ammonia, mixed with ammomo-mtrate 
of silver-oxide, and evaporated, leaves a "black-brown salt—2. Bitellurate 
of potash added to a very dilute solution of silver-nitrate gives at first a 
reddish yellow precipitate, which, however, soon becomes black-biown. 
(Berzelius ) 

Berzelius (1). 

3AgO . . 348 . 79 82 . 79 8 

TeO 3 88 20 18 20 2 

3Ag0,Te0 3 436 100~00 77T 100 0 

h. Seqinbasic —3Ag0,2Te0 3 .—Remains in the form of an anhydrous, 
liver-coloured powder, when the salt c is boiled with water (Berzelius.) 

c. Jfonobasic —AgO, TeO 5 .—Formed by mixing concentrated solutions 
of silvei-nitiate and monotellurate of potash. Deep yellow precipitate. 
When treated with water, especially at a boiling heat, it is resolved into 
a soluble acid salt and the insoluble terbasic salt. It dissolves m 
ammonia without colour. (Berzelius.) 

cL Bitellurate .—Formed by double decomposition with concentrated 
solutions. Reddish yellow, bulky flakes. (Berzelius.) 

e. Quadrotellurate. —Prepared similarly to d. (Berzelius.) 

D. Sulphotelltjrite of Silver <—3AgS,TeS 2 —Formed by double 
decomposition. The black bulky precipitate, after drying, acquires 
metallic lustre under the burnishing steel. When distilled, it gives off 
sulphur, and leaves a fused, lead-grey, metallic globule, probably con¬ 
sisting of telluride of silver, as soft and malleable as lead, and not alteied 
by fusion in the air. (Berzelius ) 

E. Chloride of Tellurium and Silver. —Tellurium unites by 
fusion with chloride of silver, forming a hard white mass, which exhibits 
the metallic lustre and a crystalline fiacture. (Berzelius.) 


Silver and Bismuth. 

^ Silver-bismuth. —These two metals fuse easily together, and form a 
brittle, laminar alloy, which has the colour of bismuth, a specific giavity 
of 10*709 when the weights of the two metals are equal (Muschenbioek), 
and when heated in the air, yields metallic silver, the bismuth being con¬ 
verted into a vitreous oxide. An alloy of 1 pt silver and 1 pt. bismuth 
does not expand in solidifying; hut in the alloy of 1 pt. silver and 2 bis¬ 
muth, which is steel-grey and laminar, this expansion takes place. 
(Marx, Scliw. 58, 471.) 


Silver and Zinc. 

Silver-zinc —Combination takes place easily, and without incand¬ 
escence. 1 pt. silver and 2 zmc form a somewhat malleable alloy, having 
a fine-grained fracture, and exhibiting less of a blue colour than zmc. 
(Gehlen.) When a solution of silver-nitrate is precipitated by zinc, an 
alloy is obtained which fuses with difficulty, because the oxide of zinc 
which is formed remains between the particles. (Fischer, Kastn . Ai'cli. 
13, 224.) 
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Silver and Tin* 

Silver-tin* —Combination takes place easily, and without incand¬ 
escence. (Greklen.) 1 pt. of silver forms a hard alloy with \ pt tin , and, 
aecoiding to Gehlen, a malleable alloy with 2 parts of tin. The specific 
gravity of the compound exceeds the mean between those of its con¬ 
stituents; it has a granular texture, and oxidizes readily. The separation 
of the silver from the tin m this alloy is best effected by distilling it in 
the form of filings with corrosive sublimate. (Berzelius, Lehrb ) 

B. Stannate of Suboxide of Silver $—Silver purple —1. Let the three 
following solutions be prepared a. 2\ oz. nitric acid of specific gravity 1*1, 
dil uted with 13^ oz. of water; the liquid placed for 24 hours in a bottle 
three-fourths filled with it, and surrounded with cold water, together 
with half an ounce of finely-divided tin, and frequently agitated, then 
poured off from the tin which is not dissolved, and diluted with 16 lb. 

14 oz. of water.—30 grains of pure siher dissolved in nxtiic acid, the 
excess of acid driven off hy evaporation, and the residue dissolved m 

15 oz. of water.— y. ISO grains of pure oil of vitriol diluted with 3f oz. of 
water First pour into a, stirring all the while; in a few minutes the 
liquid will turn yellow, then brown, then brown-red, and, lastly, daik 
purple-brown. As soon as the colour has ceased to become darkei, add y, 
likewise with agitation. (Without the addition of y, the mixture would 
gradually assume a pale yellow colour, producing but a slight precipitate.) 
A dark purple-brown precipitate then separates, and must be washed and 
dried. This purple does not colour glass-fluxes. (Fricke, Fogg. 12, 285 ) 
The liquid a, which contains nitrate of stannous oxide, may likewise be 
prepared by mixing protochlonde of tin with a slight excess of nitiate of 
lead-oxide; the lead-salt which remains undecomposed renders the liquid 
less liable to change. (Fischer.) Solution of silver-nitrate supersaturated 
with ammonia, and then mixed with protocliloride of tm, yields a brown- 
black precipitate. Silver-purple is not altered by ammonia or boiling 
hydrochloric acid. (Fischer, Sclav. 56, 36S ) 

A bar of tm, immersed in a solution of 1 pt. nitre in 12 of water, 
blackens immediately, and becomes covered with a grey beard, fiom 
which white particles radiate towards the surface; these particles resemble 
bioxide of tin in appearance, but become darker and acquire a violet tint 
when exposed to sunshine. (Fechner, Fogg. 47, 1 ) 


Silver and Lead. 

A* Silver-lead. —W bite, lead-coloured alloy. When it is heated in 
the air, the lead is converted into vitreous oxide, and the other base 
metals united with the silver are theieby disposed to oxidate and unite 
with the lead-glass, and in the fused state, to soak into the porous sup- 
port, the Cupel; this process is called Cupellation .—An alloy consisting 
of a large quantity of lead and a small quantity of silver, when slowly 
cooled after fusion, deposits granular crystals of lead nearly free from 
silver, while the alloy, richer in silver, still remains liquid (Pattmson, 
J. pr. Ckem 10 , 321.) — An alloy of silver and lead is also obtained by 
precipitating a solution of silyer-mtrate with metallic lead. (Fisher, Kastn. 
Arch. 13,221) v * 
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B. Oxide of Silver, and Lead —A solution of a silver-salt mixed 
witR excess of lead-salt, forms, with potash, a yellow precipitate, which 
may be freed from excess of lead-oxide by digestion in a larger quantity 
of potash —The yellow precipitate blackens when exposed to light, it is 
resolved by ignition into lead-oxide and silver; when heated to redness 
in hydrogen gas, it is reduced to an easily fusible alloy of silver and 
lead Dissolves readily in nitric acid, but not in potash. (Wohler, Fogg. 
41, 844.) 

Wohler. 

2PbO ... . 224 .., 65*88 . . 65 77 

AgO . . . 116 . . 34*12 . 84 23 

2PbO,AgO . , 340 100*00 ..,.100*00 

C. Sulphide of Silver and Lead. —Galena heated to whiteness 
with sulphide of silver m a crucible lined with charcoal, yields metallic 
silver and a fine-grained sulphide of silver and lead, resembling galena. 
(Fouraet.) 

D. Hyposulphite of Silver-oxide and Lead-oxide. — Aqueous 
hyposulphite of silver-oxide and lime forms a white precipitate with 
solution of lead-nitrate. (Hersche.) 

E. Sulphide of Antimony, Silver, and Lead. — Donacargyriie. — 
Ptight rhombic prism Fig 61, u' :u = 100°. (Phillips ) Sp. gr. 6 194. 
Colour between steel-grev and blackish lead-grey. Before the blowpipe, 
it exhales an odour of sulphurous acid, covers the charcoal with a film of 
antimomc oxide and lead-oxide, and yields a globule of silver. (Hansmann 
& Wohler, Fogg. 46, 147.) 

Donacargy? lie . Wohler. 


3Pb .„ < .... 312 ... 32 43 . 30 61 

2Ag .. . 216 .. 22 45 . 22 93 

2Sb . 258 26 82 .. . 27*39 

IIS . . 176 18 30 . 18*74 


3 PbS,2 AgS,2SbS 3 . 962 100 00 101 00 


Wohler and Berzelins have assigned other formula) to this mineral. 

Oa light and dark Sihei Pahl-ore, and on Silver-bismuth ore, of which new 
analyses are requned, see Klaproth ( Beitrage 1 1, 166 and 173; 2, 291), and Fournet 
(Amu Chun P/iys. 2, 242). 


Silver and Iron. 

Silver-iron —When these two metals are fused together, two layers 
are formed, the lower consisting of silver containing -g-|- 0 pt. of iron, and 
affected by the magnet; the upper, of iron, containing of silver, 
very hard, and exhibiting a denser texture than belongs to pure iron. 
(Morvean.) Iron may be separated from silver by fusion in the air or 
by cupeliation, or, again, by fusion with borax and nitre, or by fusion 
with sulphide of lead and cupeliation of the silver-lead thereby produced. 

When, to a solution of silver-nitrate, slightly supersaturated, with 
ammonia, green vitriol is added in less than the equivalent qnantity, a 
black, granular precipitate is obtained. (If too much ammonia he added, 

o 2 
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tlie precipitate is yellowish, brown; too much ferrous sulphate makes it 
green.) Ammonia extracts from the precipitate a small quantity of 
silver-oxide, and colours it yellowish brown. Hydrochloric acid readily 
converts it into sesquichlonde of iron and reddish-grey chloride of silver, 
and on dissolving the latter m ammonia, metallic silver remains behind. 
Hence it would appear that the precipitate contains oxidized iron and 
suboxide of silver. (Fischer, Schw. 56, 361.) 

B. Carbide of Silver and Iron. —By fusing 500 parts of steel with 
1 pt. of silver, the steel is rendered harder than the best pure steel, with¬ 
out bursting in forgingor hardening; Silver-steel —When 1 pt. of silver is 
fused with between 160 and 300 parts of steel, part of the silver remains 
uncombmed, and sweats out in drops, partly in solidifying, partly in 
hammering; this mass is also fine-fibred and roasts easily, on account of 
galvanic action. (Faraday & Stodart, Gilb . 66, 123; further, Ann. Ohim. 
Fkys. 21, 64 ; Fischer, Gilb. 69, 260.)—When cast-steel is fused, first 
(a) by itself in a coveied crucible, and then (j 3), with pt. of silver, it 
exhibits the same properties m both cases, so that the greater goodness 
and density result, not from the addition of silver, but from the increased 
compactness resulting from tbe second fusion [and the addition of 
aluminum fiom the crucible 2] Both samples exhibit the same netted 
appearance, and both, after hardening, have the same degiee of hardness, 
and the same granular fracture. Specific gravity m the hardened state: 
of ci — 7*7647; of Q =*7*9024, in the unliardened state, of a = 8*0923, of 
£ = 8’0227. Per centage of carbon: of a = 1*7776, of £ = 1 6502. 
(Eisner, J. pr. Chein. 20, 110.) The same opinion is advanced by 
Schauer. (Ibid. 20. 113.) 

C. Sulphide of Silver and Iron. — Sternbergite. —Crystalline system, 
the oblique prismatic; about the shape of Fig. 114, but with many 
additional faces and without the £-face. Edge between n and n edge 
between u and ^'=119° 30; cleavage distinct, parallel to m. Specific 
gravity 4*215 Somewhat harder than talc, very mild, flexible in thin 
laminae. Bark pinchbeck-biown, yields a black powder On chaicoal 
before the blowpipe, it gives off an odour of sulphurous acid and fuses 
into a magnetic and generally hollow globule, having a crystalline surface 
covered with silver, with borax, which becomes coloured by iron, it easily 
yields a globule of silver. (Haidmger, Fogg. 11, 483.) Decomposed even 
by cold aqua-regia, with evolution of heat and evaporation of sulphur and 
chloride of silver. (Zippe, Fogg. 27, 690 ) 


4Fe 

Sternbergite. 

Zippe. 

... .112 . 

. 35 44 

36*0 

Ag 

108 

34*18 

33 2 

6S . . 

96 

30*38 

30 0 


316 

. 100 00 

99*2 


According to Zippe, it is AgS,3FeS,FeS 2 . On account of the impro¬ 
bability of this formula, Berzelius and Rammelsberg suppose the mineral 
to contain one atom of sulphur more, which would give AgS,2Fe 2 S 3 . 


Silver and Nickel, 

Silver-nickel. —Combination takes place with difficulty and imper¬ 
fectly (Lampadius); the alloy is malleable. 
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Silver and Copper. 

Silver-copper. —These two metals unite in all proportions, forming 
a more or less reddish white, sonorous alloy, which is harder than silver, 
and has a density lower than the mean given by calculation —0 8 per 
cent, of silver does not impair the ductility of copper at any temperature. 
(Karsten.)—In Germany, pure silver is called 1 6-ounce silver, that is to 
say, 1 S) avoirdupois contains 16 oz. of silver,* if the pound contains 1 oz. 
copper to 15 oz. silver, it is called 1 5-ounce silver, 2 copper to 14 silver, 
gives 14 -ounce silver, 3 copper to 13 oz. silver, forms 13-ounce silver, 
and so on. Spoons and other articles of general use are formed of 13 and 
12-ounce silver The French silver coinage contains 9 pts. silver to 1 pt. 
copper. 

When the alloy is simply heated in the air, only a small part of the 
copper oxidizes, but when a considerable quantity of lead is added, as 
m eupellation, the whole of the copper is oxidized. Nitric acid dissolves 
both the metals. Nitric acid mixed with sulphuric acid acts slowly upon 
copper, and serves to separate it from silver. (Grove, Phil Mag . J. 15, 
292, also Pogg 49, 600 ) An alloy containing 7S or more per cent of 
silver has no action on a solution of silver-nitrate; if it contains less 
silver, it reduces that metal from the solution, the more quickly in pro¬ 
portion as the copper predominates; and not only is the excess of copper 
dissolved, but the reaction continues after the proportion of 78 silver to 
22 copper has been reached. (Karsten, J pr. Chem 16, 379.)—[On the 
composition of old coins, principally consisting of copper and silver, vid. 
Walchner (Schiv 50, 204), Gobel (Sckw 60, 411), Sarzeau (J. Phctrm . 
25, 50]) ] 

T A native alloy of silver and copper has been found in a mine 
20 leagues east of Coquimbo in Chili. It occurs m large masses, some 
weighing more than a pound. The proportion of silver is variable, one 
sample gave 98*91 p.c. Cu and 1 09 Ag, another, which was nearly 
white, 92*4 Cu and 7 6 Ag. (Fr. Field, Chem jSoc. Qu J, 3, 29.) *7 

B. Sulphide of Silver and Copper. — Argentiferous Copper-glance , 
Sti'omeyerme. —Crystalline system the right prismatic. Fig, 56, with the 
p-fsce. The angles of the lateral edges differ but little from those of a 
regular six-sided prism; i t and a * = 116° nearly, it has, therefore, 

the same crystalline form as Copper-glance (G. Rose, Pogg 28, 427.) 
Sp gr 6 255, very brittle, with a conchoidal fracture. Colour between dark 
lead-grey and iron-black, with a strong lustre. (Hausmann & Stromeyer, 
Schw, 19, 325 )—Fuses readily before the blowpipe, diffusing an odour 
of sulphurous acid, but no fumes, and forming a grey, semi-malleable 
globule, having the metallic lustre. Colours fluxes by the copper which 
it contains. Yields a large silver button when cupelled with lead. (Ber¬ 
zelius.) Dissolves in nitric acid, with separation of sulphur. 





Stromeyer. 

Th. Sander. 


Argentiferous Copper-glance. 

Sclilangenbeig- 

Rudolsfadt 

Fe .. 



0*33 

0 24 

2Cu 

64 

31*37 

30*48 

30 95 

Ag .... 

. 108 

52 94 

52 27 

52 71 

2S 

32 . 

.. 15*69 

15*78 

15 92 

Cu 2 S, AgS . 

204 

100 00 

98 86 

99*82 


* According to the German, weights, 1 mark or half a pound, contains 16 loth of 
sih er, a loth being equal to half an ounce. 
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C. Selenide op Silver and Copper. — Eukairite —Soft, slightly 
ductile, ‘with a fine-grained fracture; lead-grey, yielding a shining streak 
and a'grey powder.—Heated m an open tube, it yields selenium and 
selenious acid. Heated on charcoal before the blowpipe, it fuses, emitting 
a strong odour of selenium, and yields a grey, soft, but brittle metallic 
globule. When cupelled with lead, it yields a large quantity of silver. 
Colours fluxes like copper. With hot nitric acid, it forms a solution 
from which water throws down selenite of silver-oxide. (Berzelius, 
Schw. 23, 477.) 

Berzelius. 

Eukairite . Fiom Skrickerame 


2Cu 

. 64 

,. 25*40 

23 05 

Ag . . 

, 108 . 

42 85 

38 93 

2Se 

. 80 

31 75 

26 00 

Earthy matter 



8 90 

Cu 2 Se,AgSe 

. 252 

.. 100 00 

96*88 


Silver and Mercury. 

A. Silver-amalgam. —Found native.— Formation .—1. A bar of 
silver, immersed in mercury at the ordinary tempeiature, takes up a 
small quantity of mercury in the course of 24 houis, but remains mal¬ 
leable, even in six weeks, the combination is of very inconsiderable 
amount; but if the mercury be heated to the boiling point and gradually 
cooled, soft needles of amalgam are deposited on the bar at the surface of 
the mercury. (Daniell )—2. The amalgam is quickly formed when a thm 
red-hot silver-leaf, or silver precipitated m the pulverulent form, is thrown 
into heated mercury —3 When a solution of silver in nitric acid is 
reduced by mercury, the precipitated silver unites with a portion of the 
mercury in the form of a crystalline amalgam Silver-tree, Ardor Diana ?. 
—If the quantitv of mercury be too large, the amalgam foimed is liquid 
instead of crystalline, to ^prevent this, it is recommended to use a com¬ 
pound of mercury with 4- silver instead of pure mercury, according to 
Proust, however, pure mercury acts quite as well A small quantity of 
free acid in the silver-solution accelerates the precipitation; moreover, 
the solution must not he too concentrated.—When sodium-amalgam [m 
excess 2] is Introduced into a strong silver-solution, a soft amalgam of 
silver is formed. (Botiger )—Klaproth introduces an amalgam of 8 pts. 
mercury and 1 pt. silver, into a solution of 1 pt. of silver in nitric acid, 
after diluting it with 24 parts of water. Yitalis (Ann Chim. 72, 93) 
hangs a lawn bag full of mercury in a solution containing both silver and 
mercury, removes the hag with the adhering crystals fiom the liquid at 
the end of the precipitation; and hangs it up in an empty glass Ber¬ 
zelius recommends the introduction of an amalgam of 7 pts. mercury and 

1 pt. of silver into a mixture of 3 pts. of a saturated silver-solution and 

2 pts. of a saturated mercury-solution —When mercury is left for a con¬ 
siderable time at the bottom of a tolerably dilute solution of silver, the 
silver-tree first formed sometimes disappears again, being dissolved by the 
liquid amalgam below it; and then, after a while, long four-sided prisms 
are produced, which have a strong lustre, are soft and easily pulverized, 
and contain 31 7 per cent of mercury with 68*3 silver, and therefore 
consist of Hg 4 Ag* (Hunefeld, Schw. 61, 125.)—A silver-tree analyzed 
by Dehne (CielL Chem. J. 1, 54) contained, on the contrary, 81 36 per 
cent, mercury, and IS*64 silver. 
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Prepared by (2) * silver-white, granular, soft mass, which grates 
between the fingers; by (1) and (3) crystallizes m long, sliimng prisms, 
growing to one another —At a red beat, it evolves mercury, but, 
according to Gay-Lussac {Ann. CJilm. Phys . 58, 21S), silver may retain 
a small quantity of mercury, even at the melting-point. If the amalgam 
be very carefully heated, the silvei remains m an arborescent form 
(Schlosser, Crell n. Ghem J 6, 91 ) Hence the application of the 
amalgam to the process of silvei ing at a high temperature. 

Native amalgam —a Arguente. —HgAg 6 .—Prom Arqueros in Chili 
(Domeyko & Berthier, Gompt. rend. 14, 567; also J. pr. Ghem. 26, 360.) 

Arqiterite. Domeyko. 

Hg . , 100 . . 13-37 13 5 

6Ag . 64S 86*63 86 5 

Hg, Ag 6 .. 748 lOO'OO 100 0 

b. Amalgam of Mineralogists.—Hg 2 Ag and Hg 3 Ag.—Belongs to the 
regular system. Figs . 2, 3, 6, and other forms. Sp. gr. from 13*7 to 14 1. 
Harder than caleapar; slightly brittle; silver-white. 



2Hg , . . 

Ag 

. 200 ., 
108 

64 93 
35 07 

Klaproth. 

MosclieEandsberg 

64 

36 



Hgb Ag .. 

308 ... 

100 00 

100 


3Hg 

Ag 

. 300 

.. 108 

. 73*53 

26 47 

Heyer. 

Moscliellandsberg 

73 3 

25 0 

Cordier. 
Allemout 
72 5 

27 5 

HgHg 

.. . 408 

100 00 

. .. 

98 3 

100 0 


B. Nitrate of Silver-oxide and Mercuric-oxide— HgO,N0 5 -f 
AgO, N 0 5 .—Prismatic crystals, which readily dissolve in water without 
decomposing. (Berzelius, LehrbuchT) 

C . Nitrate of Mercuric Oxide with Iodide of Silver.— 
2AgI-r2(Hg0,N0 5 ) -f Aq—Crystallizes from a solution of iodide of 
silver m hot aqueous mercuric nitrate, of sp gr. 1*35, in fine needles, 
which cause the liquid to assume a solid consistence; they are decomposed 
by water. (Preuss, Ann. Pharm. 29, 32S ) 


Other Compounds of Silver, 

With Gold, Platinum, Palladium, Rhodium, and Iridium. 
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Chapter XXXVIII. 

GOLD. 


Willi. Lewis. Pkysil . ckem . Abkandl . Berl. 1764. B. 1, S. 62 to 424. 
Hatchett.—Alloys of Gold. A Gehl 4, 50. 

Proust. J ’. jP%s. 62, 131, also AT 1, 477. 

Oberkampf. Ann. Chim. 80, 140. 

Vauquelm. Ann. Chim. 77, 321, also Sckw. 3, 323. 

Berzelius —Oxides of Gold Sckw. 7, 43. Further: Ami. Chim. Phys. 
18, 146, also Schv. 34, 81. Sulphomolybdate of Gold. Pogg 7, 
277 and 288. Sulpharseniate ot Gold. Pogg 7, 30 and 3 50. 
Chloride of Gold and Potassium. JT. Ed. J of Sc. 3, 288. 

J. Pelletier.—Facts relating to the history of Gold Ann. Glum. Phys. 

15, 5 and 113; also Sckw. 31, 305, also N Tr. 5, 2, 168 
Figuier.—Chloride of Gold and Sodium J. Pharm. 6, 64; also Bqyert. 
10, 169 J. Pkarm. 8, 137, also Sckw. 35, 342, also Pf. T ). 6, 2, 
301. Oxides of Gold and Fulminating Gold. Compt. rend 18, 813 
Bonsdorff.—Chlorine- and Bromine-salts of Gold. Pogg. 17, 261, 33, 64. 
Johnston.—Chlorine-salts of Gold. A 7 . Edinb. J. of Sc. 3, 131 and 290 
Iodide of Gold. Phil Mag. J. 9, 266 
Fordos & Gehlis.—On the action of Terchlonde of Gold on Hyposulphite 
of Soda. AT. Ann. Gkim. Phys. 13, 384; abst. Ann. Pkcum. 56, 
252 

Himly.—On two new series of double salts, containing Protoxide of Gold 
Ann. Pkarm 59, 95. 

Yorke.—On the Aurosulphurets of Sodium and Potassium. Ckem. Soc. 
Qu. J. 1, 236. 

Fremy—Chemical Eesearches on Gold. Pf.Ann. Ckvni. Phys 31, 478, 
also Ann . Pkarm. 79, 40. 


Synonymes : Aunim^ Sol , Or. 

History. Gold has been known from the earliest times; the Electrum 
of the ancients consisted of gold and silver. Vitruvius and Pliny describe 
the amalgamation of gold. The alchemists, Basil Valentine for instance, 
were acquainted with the solution of chloride of gold, and with fulmi¬ 
nating gold; the latter compound has been more exactly investigated by 
Scheele, Bergman, Berzelius, and Dumas. Andreas Cassius and his son, 
in 1685, described the preparation of gold-purple^ which was then adapted 
by Kunkel to the preparation of red glass, and afterwards examined in a 
variety of ways. Proust and Oberkampf discovered the teroxide of gold, 
and examined many of the chemical characters of its hydrochloric acid 
solution; the latter also discovered snlplnde of gold Berzelius discovered 
the protoxide and protochloride, Pelletier the proto-iodide, and the mode 
of preparing the pure teroxide, Johnston the tenodide; Balard the bro¬ 
mide. Besides the chloride of gold and potassium discovered by Javal, 
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and the chloride of gold and sodium discovered by Figuier, several other 
corresponding salts have been made known by BonsdorfF and Johnston* 
Hatchett has examined several alloys of gold 

Sources Gold is almost always found native; it occurs in large 
quantities, and in many places; it is sometimes found in combination with 
silver (in Electrum); -with tellurium (m Native Tellurium); with silver 
and tellurium (in Graphic and Yellow Tellurium); and with lead and 
tellurium (in Foliated Tellurium) It sometimes occurs m small quantity 
in metallic sulphides., as in galena, iron pyrites and copper pyrites A 
native amalgam of gold has been found m Columbia, and an alloy of gold 
and bismuth m Rutherford county in North America (Jahresber L <fe K. 
I 1153) 

Preparation 1. From gold-ore, which has been tolerably well freed 
by mechanical means from matrix or river-sand, the gold may be obtained 
by simple fusion with borax, or other substances adapted to bring the 
adhering earthy matters into the liquid state—2 Poorer gold ores aie 
either fused with lead, in a similar manner to silver-ores, or directly 
treated with mercury, after which the lead or mercury is separated m the 
manner already described in the case of silver. 

If by these various modes of preparation, an alloy of gold and silver is 
obtained, the separation of these metals may be effected m the following 
ways 1 Fusion with Sulphur The granulated alloy is fused with 0 3pt. 
sulphur, which combines with the silver, and forms a liquid sulphide, 
vhile the finely-divided gold remains suspended in it, a small quantity of 
litharge is then added, which gives rise to the formation of sulphurous 
acid and sulphide of lead, and again separates a portion of the silver, 
which then combines with the gold, forming an alloy, richer in the latter 
metal. This alloy sinks to the bottom of the crucible, and, after cooling, 
is separated by the hammer from the superposed sulphide of silver and 
lead (the Flachmal), This substance, when fused with the addition of a 
small quantity of litharge, yields silver, which, for the most part, still 
contains a little gold. When the Flachmal has thus been completely 
exhausted of gold, it is generally cupelled with lead, to obtain the silver. 
This mode of separation is adopted with alloys which contain but very 
little gold The resulting alloy is often treated repeatedly with sulphur 
m the same manner, till the proportion of gold is raised to one-fourth, 
after which the treatment with nitric acid is usually adopted —2 Fusion 
with Sulphide of Antimony The alloy is mixed with twice its weight of 
sulphide of antimony, and fused, with constant staring, in a crucible pre¬ 
viously glazed with borax; if the amount of silver m the alloy exceeds 
one-third, a proportional quantity of sulphur is added to the mixtuie. 
Sulphide of silver is then formed, and the gold combines with the 
antimony, forming a lower stratum of alloy, which is afterwaids freed 
from antimony by ignition m the air, or by fusion with nitre As the 
sulphide of silver thus formed still contains gold, it is again twice fused 
with sulphide of antimony, whereby an additional quantity of antimonide 
of gold is obtained. The whole amount of antimonide of gold thus pro¬ 
duced is again fused with twice its weight of sulphide of antimony, then 
heed from antimony, either by fusing it alone, while air is blown upon 
it, or by fusion with three times its weight of nitre, and sometimes 
finally melted into a mass by beating it with J pt borax, £ nitre, and 
\ glass —3 Separation by Cementation . The granulated alloy is arranged 
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in alternate layers, with a mixture of 2 parts of brick-dust and 1 part of 
common salt, m porous crucibles, which are exposed for a period varying 
from 24 to 36 hours, to a low led heat. Under these circumstances, the 
aqueous vapour from the wood fire penetrates the crucibles, and acts upon 
the mixture m such a manner as to separate hydrochloric acid, which then 
forms chloride of silver, with evolution of hydrogen; and the chloride of 
silver, together with the common salt, sinks into the brick-dust (p 162) 
The gold obtained by this process is, after washing, from 21 to 22 carats 
fine; from the remaining mass, the silver is obtained by amalgamation. 
This process is employed in America (Boussingault) A mixture of 
4 pts. brick-dust, 1 pt. common salt, and 1 pt. calcined green vitriol, may 
also he used as a cement —4 Separation by Sulphuric acid . The granu¬ 
lated alloy, in which the gold should not amount to quite one-half, hut 
the silver may he m considerable excess, is heated m a platinum or cast- 
iron vessel, with oil of vitriol, the quantity of which amounts to 3 parts 
for every 4 parts of silver to be dissolved, the heat being continued as 
long as sulphurous acid is evolved; and the resulting silver-sulphate is 
separated from the gold-powder by boiling water. To free the gold still 
further from silver, it is again heated for three hours m the platinum 
vessel, with a small quantity of oil of vitriol. After this treatment, the 
gold letains only \ per cent of silver. The silver-solution is warmed m 
leaden vessels, with metallic copper immersed in it, whereby the silver is 
separated, and blue vitriol obtained (Sobolewsky, Ann . Pkarm. 24, 94, 
J. C Jordan, J. pr Chem 9, 49 ) — T This process has lately been made 
the subject of an elaborate investigation by Pettenkofer ( Dmgl Pol , J. 
104, 118, abstr. Jahresher . L . <Ss K 1 , 1027, further, Dmgl. pol. J. Ill, 
357; Jahresber. 2 , 635), of which the following are the principal results. 
The gold obtained by the first operation contains small quantities of lead- 
sulphate, basic ferric sulphate, and traces of sulphide of copper, which 
may be removed by digestion with carbonate of soda, washing, and subse¬ 
quent treatment with nitnc acid. The residue contains, on the average, 
97 per cent of gold, 2 8 of silver, and 0 2 of platinum The silver is con¬ 
tained in it in the state of i egulus, and cannot be dissolved out, either by 
boiling sulphuric or by boiling nitric acid After digestion in solution of 
sesquichlonde of iron, not a trace of chloride of silver is dissolved out by 
ammonia. The gold thus purified may also he heated several times in 
contact with sulphur, till all the sulphur is volatilized, without giving 
rise to the formation of sulphide of silver. When it is treated with 
boiling sulphuric acid, to which pounded bichromate of potash is added, 
chromic oxide is formed, the gold is rapidly dissolved, while the silver 
and platinum remain unaltered. The only reagents capable of dissolving 
out the residual portion of silver from the refined gold, are the alkaline 
bisulphates, the soda-salt being the most eligible on account of its cheap¬ 
ness. The best mode of proceeding is to mix the gold with one-fourth of 
its weight of Glauber’s salt in an iron vessel, pour in another equivalent 
of oil of vitriol (0*7 of the weight of the neutral sulphate), and heat the 
mixture till the salt becomes liquid. Sulphate of silver-oxide is then 
formed, with evolution of sulphurous acid (and of hydrochloric acid, from 
the common salt contained in the Glauber’s salt), and the excess of sulphuric 
acid likewise escapes, the mass has a great tendency to cake together, 
which must be prevented by stirring. The greater part of the sulphate 
becomes ieduced to the neutral state, and to dissolve out the rest of the 
silver, it is merely necessary to repeat the process once, heating the mix¬ 
ture, however, only till about half the sulphate has become neutral. To 
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separate the gold from the resulting mass, it mnst be boiled with sulphuiic 
acid m the ordinary way, whereby the sulphates of soda and silver-oxide 
are dissolved, the residue is then washed, diied, and fused with nitre. 
The first fusion yields refined gold, containing 994 parts of pure gold m 
1000, and the second, from 998 to 999 parts, or not more than 0 1 or 0 2 
per cent, of silver. The facility and success of the operation depend 
greatly upon the proportion of Glauber’s salt and upon the temperatuie, 
which should be kept a little below redness —The presence of platinum 
in refined gold explains the well-known fact that this metal never exhi¬ 
bits a proper degree of fineness and softness, until it has been fused with 
nitre, platinum being easily oxidized by fusion with that substance A 
portion of gold likewise passes into the slag together with the platinum; 
for although gold is not oxidized, or but very slightly, when fused alone 
with nitre, it is nevertheless acted on with great facility when platinum is 
likewise present. A small portion of platinum, amounting to 3 or 2 parts 
in a thousand, escapes oxidation, and remains m the refined gold. The 
slag which remains after the fusion leaves, when treated with watei, a 
soft grey powder, containing alumina, silica, and lime (from the crucibles) 
—potash,—certain insoluble metallic compounds formed during tbe treat¬ 
ment with sulphuric acid, viz., lead-sulphate, basic ferric sulphate, and 
sulphide of copper,—the oxides of gold, platinum, palladium, and osmium, 
formed by the action of the nitre,—and finally a small quantity of metallic 
gold. Formerly this powder was merely levigated with water to separate 
the metallic gold, and the remainder was thrown away. But Petten- 
kofer has shown that this rejected matter contains 19 oi 20 per cent, 
of gold, from 2 5 to 3*o per cent of platinum, and a small quantity of 
silver. The lightness of the residue had caused the presence of these 
metals to be overlooked, and prevented their separation by the amalga¬ 
mation process. Pettenkofer, however, has devised a method by which 
the gold and platinum may be profitably separated. The slags collected 
from several operations are soaked in water, and left to stand for 8 or 12 
days, till they are reduced to a fine soft paste, which is then mixed with 
2 parts of litharge, 1 part of tartar, 4 of dry carbonate of soda, and 2 of 
pounded glass, these proportions being calculated for S parts of the dry 
slag. The mixture is thoroughly dried in a copper or iron vessel, then 
thrown, by small portions at a time, into a red-hot crucible; and exposed 
to a gradually increasing heat, till it is brought to a state of tranquil 
fusion If the piocess has been allowed time enough, a sharply separated 
regulus of lead is found, after cooling, at the bottom of the gre 3 ush slag. 
This lead is then cupelled, and the resulting button of metal is granulated 
and dissolved in aqua-regia m a retort, to which a receiver is adapted, 
because the vapours carry small portions of gold and platinum along with 
them. The heat is continued till all the nitric acid is driven off, the 
remaining solution filtered from the insoluble residue (AgCl and PbGl), 
put into a porcelain dish, and precipitated while still warm with green 
vitriol. The gold which falls down in lumps, is separated by decantation, 
washed, and fused with of its weight of mtie, to remove a trace of 
palladium: the product is fine gold The solution poured off from the 
gold is precipitated with metallic iron, the precipitate (chiefiy consisting 
of platinum) boiled with nitric acid, then dissolved in aqua-iegia, and 
pieeipitated as chloroplatinate of ammonium. An attempt to disintegrate 
the slags with sulphuric acid, led to difficulties insuperable in practice. 

5. Separation by Nitric acid , Separation by Quartation. — The 
granulated alloy, which must contain at least 8 pts. of silver to 1 of gold. 
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is first treated with cold 'weak nitric acid, and afterwards with strong acid 
at a boiling heat; the gold-powder is then separated from the silver- 
nitrate by washing with hot water, and afterwards fused with borax and 
nitre. The gold, after this treatment, retains but a mere trace of silver. 
IT According to Pettenkofer (Jahresber. 1 , 1030), the proportion of 3 
parts silver to 1 gold is not absolutely necessary in this process, the 
separation taking place quite sharply when the quantity of silver added 
does not exceed 1 *75 pt. Moreover, gold refined by quartation retains a 
larger quantity of silver, the more the proportion of the latter metal is 
increased beyond the limit above mentioned. IF—6. Separation by Aqua- 
?egia. —The granulated alloy, very rich m gold, is resolved by repeated 
treatment with nitric acid, into chloride of gold which dissolves, and 
chloride of silver which remains undissolved, and must be washed. The 
gold solution is freed by evaporation from the nitric acid still present, 
then diluted with water, and mixed with green vitriol, whereby the gold 
is precipitated m the form of a brown powder, which must be fused with 
a small quantity of borax and nitre.—Pure gold is also obtained on the 
small scale by solution in aqua-regia, precipitation with green vitriol, 
digestion of the precipitate with hydrochloric acid, washing, and fusion 
with borax. 

The Kremnitz ducats contain in 24 carats, 23 carats 9 grains of gold, 
and therefore only 3 grains of foreign metal, the Dutch ducats contain 
23 carats 7 grains of gold (1 carat—12 grains.) 

Gold is obtained m the pulverulent state by precipitating aqueous 
chloiide of gold with green vitriol and other reducing agents, and 
according to the nature of the precipitant, and the mode of conducting 
the process, the powder exhibits various degrees of fineness, and is con¬ 
sequently more or less adapted for gilding on porcelain, &e. The powder 
formed by pouring the gold-solution into the green vitriol is softer than 
when the contrary method is adopted, m which case it is more laminar 
and shining. (Otto, Ann. Pharm. 26, 86.) A peculiarly fine gold 
powder is obtained by pouring the gold-solution, at 100 c , into a solution 
of mercurous nitrate, also by precipitating the gold-solution with hydro- 
chlorate of terchloride of antimony. — According to C. T. Jackson 
(Sill J [2], 6, 1ST), gold is obtained in the form of a soft, yellow, 
spongy mass, by adding to a concentrated gold-solution, a small quantity 
oi oxalic acid, then a sufficient quantity of carbonate of potash to dissolve 
nearly all the gold in the form of aurate of potash, then a large quantity 
of crystallized oxalic acid, and finally heating the liquid rapidly to the 
boiling point. IT 

Proper ties. Gold crystallizes, both naturally and artificially, in 
crystals belonging to the regular system Native gold exhibits the 
foirns of Fig. 1 , 2 , 3, 4, 5, 6, 8, 9, and 11 . (Hauy, G. Rose, Pogg . 
23, 196,* Neumann, Pogg. 24, 384.) Gold is softer and less tenacious 
than silver, not very elastic; becomes somewhat harder by hammering. 
It is the most ductile of all metals, and may be hammered out into 
leaves only ^rroiro aG thick; Gold-leaf. One gram of gold 
yields a leaf having a surface of 56*75 square inches, and the same 
quantity may he drawn out into a wire 500 feet long. Specific gravity 
of fused gold 19*2; of hammered gold, from 19 3 to 19*4. *TT According 
to G. Rose (Pogg. 73, 1; 75, 403^, gold, after fusion per se , has a specific 
gravity varying from 19 30 to 19*34; after fusion under carbonate of 
soda, "from 19*32 to 19*33, under borax, from 19 33 to 19 34, under 
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chloride of sodium, 19*30 (the determinations were made at 17*5 C.); 
aftei pressure under the die, from 19*31 to 19 34. Finely-divided gold 
precipitated "by green vitriol was found to vary in density fiom 19*55 to 
20 72, and when precipitated by oxalic acid, its density was 19 49. — 

In the coherent state, gold has the reddish yellow colour and lustre 
exhibited by ducat-gold; in the pulverulent state, it is brown and dull, 
hut acquires the metallic lustre by pressure. Very finely divided gold 
diffused through a watery liquid appeals blue, by transmitted light; leaf- 
gold, sometimes blue, sometimes green. The coloured transparency of 
gold first becomes appaient when the thickness is reduced to -goVo of a 
lme. (Ehrenberg, Pogg, 24, 40.)—Pulverulent gold may he welded and 
rolled into leaf in the same manner as platinum, by Wollaston’s process. 
(Fournet, Ann. Clam Pkgs. 75, 435.)—Gold melts, with considerable 
expansion, at 1200° C. (Pouillet), at 1381° C. (Guyton-Moiveau), at 
1421 c C (Daniell), it is therefore less fusible than silver or copper; in 
the fused state, it exhibits a bluish green colour —It exhibits a scaicely 
perceptible volatility at the strongest heat of a blast-furnace, in the focus 
of a burning mirror, and m a flame fed with oxygen gas. A plate of 
silver held over gold strongly heated in the focus of a burning minor 
becomes slowly gilded. (Homberg ) 

Atomic weight of Gold; 196 71 (Berzelius, Fogg 65, 319), 196 3 
(Levol, A r . Ann. Ghim. Phys. 30, 355). 


Compounds of Gold . 
Gold and Oxygen. 


A. Protoxide of Gold, or Aurous Oxide. AuO. 


Suhoxide of Gold ,, Gold-suboxydid y Proioxyde d'Or .— 1 . Formed by 
precipitating protochloride of gold with cold, dilute potash (Beizehus.) 
The protoxide thus obtained is contaminated with a large quantity of 
metal. (Figuier )—2 By precipitating aqueous terchloride of gold with 
meicnrous nitrate. (Figuier.) [The reaction is probably as follows: 

AuCl 5 + 2(Hg 2 0, NO 5 ) = AuO + 3HgCl + HgG, 2N0 5 . 


An excess of mercurous nitrate must be avoided, as it would occasion the 
piecipitation of calomel]—The protoxide of gold is also produced by 
boiling the teroxide or terchloride for a long time with solution of caustic 
potash or soda—by boiling the aqueous solution of the tercliloude with 
carbonate of potash or soda—by boiling the teioxide with acetic acid—or 
by mixing the terchloride with excess of potash, and then boiling it with 
tartrate, citrate, or acetate of potash, or with other vegetable and animal 
matters. (Figuier.) 

Dark green powder. (Berzelius ) Blackish violet when moist, bluish 
violet when dry. (Figuier.) 


Berzelius. 

Au ..... .. 199 96*14 .... 96 13 

O .8 3 86 3 87 


AuO 207 100 00 100 00 


(Au 2 0 = 2 . 1213 013 + 100 = 25S6 026. Berzelius ) 

When immersed for some hours in caustic potash, it is completely 
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resolved into a dark brorcm mixture of atiric oxide and metallic gold, 
which gilds tlie vessel (Berzelius ) Permanent at ordinary tempera¬ 
tures, decomposes at 250°. (Figuier)—Hydrochloric acid immediately 
converts It into metallic gold and an aqueous solution of tbe teichloride. 
(Berzelius, Figuier j —Does not combine with acids, slightly soluble m 
caustic potash (Berzelius ) Combines with acids as well as with alkalis 
(Figuier)—It is clear that the oxides examined by Figuier and by 
Berzelius were not the same; and as the former has given no analysis of 
his oxide, his statements are comparatively questionable. 

Purple oxide op Gold— Formation . 1. By the combustion of 
gold. A gold wire, through which the charge of a powerful electric 
battery is passed, burns with a green light, and is converted into vapour, 
vInch deposits Itself on the adjacent surfaces in the form of gold-purple. 
—This purple oxide is formed even in air 200 times rarefied; hut in a 
perfect vacuum, the gold is scattered about in fine metallic globules. 
(Guyton-Morveau ) A piece of gold-leaf burns with a green light in the 
circuit of the voltaic battery. Thomson burned gold-wire in an ignited 
jet of hydrogen and oxygen gase*. Gold placed m the focus of a Tschirn- 
hausen’s burning mirror. Imparts a red colour to tbe surface of the glazed 
support 

The presence of other bodies favours the oxidation of gold at high 
tempeiatures, by predisposing affinity, the oxide formed being generally 
red. When gold-leaf is triturated with various substances and exposed 
to the blowpipe-flame on a small cupel, the following results are obtained: 
With potassium; The alloy oxidizes quickly as it forms, and is converted 
Into a black powder, which fuses iuto a violet glass with silica and borax. 
Hydrate and carbonate of potash do not act upon the gold, but sink into 
the cupel—With hydrate or nitrate of baryta* The gold disappears and 
colours the baryta red-brown.—With nitrate of stiontia The gold dis¬ 
appears and colours the strontia bluish.* with red spots here and there — 
With hydrate of lime* The lime acquires a reddish oi a bluish-grey 
colour. When gold-leaf is placed in a crucible with hydiate of lime in 
alternate layers, and ignited, the gold disappear, and the lime acquires a 
fledi-colour.—With moistened magnesia: Lavendei-blue, infusible pow- 
dei, the gold disappearing—The compounds thus obtained with baryta, 
stiontia, lime, or magnesia, yield a sky-blue or violet glass with borax.— 
When gold-leaf is tiuurated with silk-paper and the paper burnt, a 
metallic ash Is left, which, if moistened with a solution of potash, soda, 
baryta, or strontia, and again ignited, sometimes but rarely exhibits traces 
of metal—With silica containing potash* Bed colouring, accompanied 
by disappearance of the gold.—With chromic oxide The gold disap¬ 
pears slowly and the mass remains green —With carbonate of manganous 
oxide, or peroxide of manganese* The gold disappears slowly.—With 
uranic oxide. The gold acquires a brown tarnish and disappears in the 
dirty green uranoso-uranic oxide —With antimony, The antimony dis¬ 
appears In fumes and the gold is left behind.—With antimomous acid * 
The gold remains, but imparts a reddish colour to the acid —"With zme * 
Grey powder, the gold disappearing—With oxide of zinc The gold 
disappears slowly and yields a grey powder.—"With tin or stanmc oxide 
First an alloy., then a grey powder.—With iron-filings. The gold dis¬ 
appears quickly and yields a grey mass, and if this substance be ignited 
with fresh gold-leaf, as long as the latter disappears, a red mass is 
obtained, still having the form of the filings, and veiy slightly soluble in 
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dilute sulphuric acid, the solution not being attended with evolution of 
gas.—With ferroso-ferric oxide: The gold disappears much more slowly. 
—With hydrated oxide of cobalt: The gold becomes dull and of a copper 
colour, but does not disappear completely—With hydrated oxide of 
nickel The gold becomes bluish grey, and soon disappears completely — 
With copper-filings. The gold remains unaltered.—Most of the com¬ 
pounds obtained with the heavier metallic oxides yield up the gold in the 
metallic state when fused with borax, the other oxide remaining dissolved 
in the borax. (J. A. Buchner, Pepert. 29, 1 ) 

2. A neutral or acid gold-solution treated with various deoxidizing 
agents, sometimes only with the aid of light or heat, yields a purple-red 
body, which is either the purple oxide alone, or a compound of that oxide 
with the unaltered or altered precipitant; see the reactions of aqueous 
tercblonde of gold 

It is in this red form that gold enters into glass-fluxes. 

Proust, Buisson, Figuier, and others, regard the purple body as very 
finely-divided gold, the division being favoured by the presence of foreign 
bodies. On the whole, however, it is more probable, as Berzelius supposes, 
that this red or purple substance contains oxygen. But whether the red 
oxide be intermediate in composition between the protoxide and teroxide, 
or identical with the protoxide—to which, at all events, Figuier ascribes a 
similar violet colour—is a question which remains to he decided by future 
experiments. 


B. Teroxide of Gold, Auric Oxide, or Auric Acid. AuQ 3 . 

Goldoxyd , Feroxyde d'or , Acide azcnque. — Formation Water, and the 
gieater number of acids, sulphuric acid, for example, exert no oxidizing 
action upon gold. The metal is, however, converted into teioxide, and 
in that form dissolved, by chlorine-water, by fummg nitric acid, anjl by 
nitric or chromic-acid m union with hydrochloric acid, it is also slightly 
oxidized by red-hot nitre. 

Preparation. 1 By precipitating a hot aqueous Solution of ter- 
chloride of gold, free from excess of hydrochloric acid, with a strong excess 
of potash. (Oberkampf ) This precipitate is small in quantity, and con¬ 
tains potash (Pelletier )—2 By exactly saturating the same solution 
with carbonate of soda, and boiling as long as a precipitate is formed. To 
separate the rest of the oxide from the filtrate, and thereby decolorize the 
liquid completely, it must be supersaturated with caibonate of soda, and 
then neutralized while hot with sulphuric acid. (Figuier.)—IT 2' By 
mixing an aqueous solution of terchlonde of gold (freed as far as possible 
from excess of acid by lepeated evaporation and re-solution) with caustic 
potash, till the liquid becomes strongly alkaline; adding chloride of 
barium, till the precipitate, which is yellow at first, begins to be whitish, 
decomposing the precipitate, which consists of auiate of baryta, by boiling 
it for a few minutes with dilute nitric acid, and, lastly, washing the auric 
oxide thoroughly, and drying it m the dark. (Figuier, W. J. Pharm . 12, 
401.) *![—3. "By precipitating the same solution at a boiling heat with 
baryta-water, collecting the precipitate of aurate of baryta, and digesting 
it m nitric acid, to dissolve out the baryta. (Dumas ) It is difficult to 
extract the whole of the baryta. (Pelletier.)—4. By heating the same 
solution with excess of magnesia or zinc-oxide, and dissolving out the 
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magnesia or zinc-oxide which has combined with the separated auric 
oxide, by strong nitric acid (Pelletier.)—IT 4. By adding to the solution 
of chlonde of gold a sufficient quantity of potash to redissolve the pie- 
cipitate first produced, boiling for a quarter of an hour, whereupon the 
liquid, which is at first dark brown, gradually assumes a yellow tint— 
then adding sulphuric acid m slight excess—collecting the resulting pre¬ 
cipitate on a filter, and washing it with water, till the wash-water no longer 
gives a precipitate with baryta-salts. The precipitate consists of teioxide 
of gold or auric acid The first addition of the potash converts the 
chloride of gold into an oxychloride, which then forms a soluble compound 
with the potash, and if the solution be treated with an acid without pre¬ 
vious boiling, a precipitate is obtained consisting of the oxychloride, which 
may be distinguished from the teroxide by dissolving slowly, but com¬ 
pletely, in pure water. It is only by continued boiling that tbe compound 
of tbe oxychloride with potash is converted into the aurate of potash, the 
conversion being attended with the change of colour above noticed. The 
auric acid obtained m the manner just descubed is not quite free from 
potash, even after long-continued washing It may he purified com¬ 
pletely by tieating it with very stiong nitric acid, which dissolves it 
readily—mixing the solution with water, which immediately precipitates 
the auiic acid—and washing the precipitate thoroughly with pure water. 
(Fremy, JVL Ann. Chim Phys 31, 478, also Ann. Pharm. 79, 40.) IF 

Propel ties , Brown-black powder, or brown mass, having a conchoidal 
fracture. 

Beizelrus. Javal. Oberlcampf. Richter. Proust. 
Au . 199 . 89*24 . 89*225 . 89 35 „. 90*9 79*71 . 92 1 

30 24 10 76 10*775 . 10*65 9 1 20 29 . 7 9 

W 223..100 00 .. 100 000 100 00 100 0 100 00 TT 100 0 

(Au 2 0 3 = 2.1243 013 + 300 = 2786*026. Berzelius ) 

Decomposed by light, or at an incipient red heat, into metallic gold 
and oxygen gas. Gives up its oxygen to vegetable acids and many other 
substances. When boiled with potash-ley, it is resolved into protoxide 
of gold and aurate of potash. (Figuier.) IF Decomposed by hydi iodic 
acid, vapours of iodine being evolved, and metallic gold precipitated. 
Hydrochloric and hydrobromic acids dissolve it without decomposition. 
(Fremy.) IF 

Combinations, a. "With Water. — Hydrated Auric Oxide.— 
1. Obtained by mixing a solution of terchlonde of gold, not containing 
free acid, with a quantity of potash only just sufficient to neutralize the 
hydrochloric acid, and repeatedly washing the reddish yellow precipitate— 
■which does not appear till after the lapse of several hours—first with 
boiling water, and afterwards with dilute nitric acid, to dissolve out the 
adhering potash and chlonde of gold. (Pelletier.)—2. By proceeding as m 
the second method for the preparation of the anhydrous oxide, but 
washing the precipitate with dilute instead of concentiated nitric acid. 
(Pelletier ) The hydrate, after drying in the air, which takes place but 
slowly, exhibits a chesnut-brown colour. When heated to 100°, or when 
treated with aqueous potash, it gives up its water, and is converted, with 
diminution of volume, into the black oxide, part of which, however, is 
reduced to the metallic state By digestion with alcoholic potash, it is 
reduced to very hard, shining gold scales (used in miniature-pamting). 
Perfectly soluble iu hydrochloric acid. (Pelletier ) 
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The yellow precipitate obtained by Oberkampf, on mixing an aqueous 
neutral solution of terekloride of gold with less than an equivalent 
quantity of a fixed alkali, and regarded as basic hydrochlorate of auric 
oxide , or as basic hydrochlorate of auric oxide and potash, inasmuch as it 
gave up hydrochloric acid to caustic potash, and was thereby converted 
into the black oxide, is, according to Pelletier, the hydrate of auric oxide 
contaminated with a small quantity of terchlonde of gold, which may be 
removed by boiling water and by nitric acid. 

Identical with this, appears to be the precipitate which Vauquelin 
obtained, by heating the acid gold-solution with pure potash or carbonate 
of potash. This precipitate, when recently formed, was of loose texture 
and reddish yellow colour, resembled dried blood, when deprived of 
moisture, had a rough metallic taste, and excited a flow of saliva. When 
digested in water, it gave up a small quantity of auric oxide, precipitable 
by green vitriol, the portions first dissolved, but not the subsequent 
portions, being accompanied by a small quantity of hydrochloric acid 
(according to Pelletier, a small quantity of adhering aurate of potash dis¬ 
solved m the water); it likewise dissolved in excess of caustic potash, but 
not in carbonate of potash, leaving, however, a brown or blue powder 
[metallic gold ?]. 

b. With Acids, it forms the salts of Auric Oxide, or Auric Salts —- 
The afiinity of auric oxide for the greater number of acids is but slight * 
thus, it does not combine with caibonic, boracic, or phosphoric acid, and 
dissolves only in very great excess of strong sulphuric or nitric acid, 
forming solutions m which it is very loosely combined, it is likewise 
scarcely possible to form compounds of this oxide with vegetable acids, 
inasmuch as those acids ieduce it with facility The auric salts at pre¬ 
sent known are yellow, wdth a tinge of red, have a rough and caustic 
taste, and exert a poisonous action. When heated, they leave metallic 
gold, which is also thrown down from their solutions by most metals, by 
green vitriol, &c. [For the other reactions, vid Aqueous Terchloride of 
Gold.] 

c With the alkalis, and some of the earths, forming compounds called 
Aur cites. 


C. Perauric Acid, AuQ 3 ? 

Goldsaure, Acide peraurique .—When auric oxide is boiled for a long 
time with aqueous potash, aurous oxide is precipitated, without evolution 
of gas, and a solution is foimed containing perauiate of potash and a 
small quantity of aurate,—which, on the addition of sulphuric or nitiic 
acid, yields a precipitate of auric oxide, accompanied at first by an evolu¬ 
tion of carbonic acid gas, but not of oxygen. The liquid, quickly filtered 
from this precipitate, exhibits a blight yellow colour at first, but at the 
temperature of 60^ or 65it is decomposed in a few seconds, becoming 
green and turbid, giving off a few gas-bubbles, and depositing metallic 
gold.—If a neutral solution of chloride of gold be boiled with excess of 
potash till a considerable quantity of protoxide has separated from it, 
and then mixed, first with chloride of barium, and then with baryta- 
water, a yellow precipitate is fiist thrown down, and afterwards a greenish 
one, and on decomposing this piecipitate with sulphuric acid, auric oxide 
remains, mixed with sulphate of baryta, and tbe liquid contains perauric 
acid. According to this, 2 At. AuO 3 are resolved by boiling with potash 
VOL. vi, F 
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into 1 At. AuO, and 1 At. AnO 5 . (Figuier.)—IF According to Fremy,the 
black precipitate formed by boiling a solution of terchlonde of gold with 
potasb—the precipitation always taking place at the moment when the 
change of colour occurs (p. 20S)—consists of metallic gold; and its for¬ 
mation arises, either from the accidental presence of organic substances, 
or more generally from the decomposition of a certain quantity of proto¬ 
chloride of gold, which is mixed with the terchloride, and is converted by 
the action of the alkali into metallic gold and aurate of potash, "ST 


Gold and Phosphorus. 

Phosphide of Gold. —a By fusing gold with glacial phosphoric acid 
and charcoal powder, a pale yellow, friable mass is obtained, having a 
granular fracture and containing 4 parts of phosphorus to 100 of gold. 
(Pelletier.) 

I By heating finely-divided gold with phosphorus in a sealed glass 
tube exhausted of air, Edmund Davy obtained a giey, metallic-looking 
mass, containing 14 p c (1 At.) of phosphorus, which volatilized at a 
gentle heat. 

When phosphuretted hydiogen gas in excess is passed through an 
aqueous solution of terchlonde of gold, a black precipitate is formed which 
exhibits no metallic aspect, and does not yield gold by elntriation —It 
does not fume in the air, and appears to undergo no alteration by expo¬ 
sure; when it is heated in contact with air, the phosphorus bums away; 
aqua-regia converts it into terchloride of gold and phosphoric acid; it 
decomposes the terchloride of gold just as phosphorus does. (Oberkampf) 
—According to H. Bose (Fogg 14, 184), the precipitate formed by phos- 
puretted hydrogen gas consists of metallic gold. 


Gold and Sulphur. 

A. Protosulphide of Gold. —Formed by passing sulphuretted 
hydrogen gas through a boiling solution of chloride of gold. Pait of the 
sulplmi is thereby converted into sulphuric acid, and a black-brown 
powder is precipitated, exhibiting a deep-yellow streak, and containing 
92 97 pts. gold to 7*03 sulphur. (Berzelius.)—According to Levol, tlie 
precipitate formed by sulphuretted hydrogen and a boiling solution of 
terchloride of gold, consists, not of sulphide, but of metallic gold. 

B. Tersulphide of Gold. —Gold does not unite with sulphur by 
fusion — Preparation 1 By precipitating a solution of teichloride of 
gold with sulphuretted hydrogen or an alkaline hydrosulphate at ordinary 
temperatures—Black precipitate.—According to Levol (TV. Ann. Chim. 
Flips. 30, 35o), the precipitate thus formed consists of AuS 2 , winch con¬ 
tains water, and does not give it up till heated to 14(F —2 By fusing gold 
in excess with pentasulphide of potassium, dissolving the fused mass m 
water, and precipitating by an acid. The sulphide of gold then falls 
down in deep yellow r flakes, which turn brown on drying. (Berzelius ) 

Oberlcaropf Fellenberg Bucliolz. 

An.. 199 .... 80 57 . 80 39 81 48 82 

3S 48 .. 19 4i 19 61 18 52 18 

AuS 3 . . 247 100 00 ’ 100 00 100 00 ~ 100 
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At a very gentle heat, tlie sulphur volatilizes and metallic gold 
remains (Oberkampf.)—When moderately heated in a current of chlorine 
gas, it is converted into chloride of sulphur and metallic gold (Eellenberg, 
Fogg. 50, 71 )—If left for two days m the excess of gold-solution from 
which it has been precipitated, it is conveited into gold and sulphuric 
acid. (Jacquelam, Compt rend. 14, 642 )—Dissolves m aqueous sulphide 
of potassium, forming sulphide of gold and potassium. In aqueous potash, 
it dissolves partially (forming sulphide of gold and potassium and hypo¬ 
sulphite of potash . Perzehus), while metallic gold remains. (Oberkampf ) 
—Accoidmg to Oberkampf, the elements of this compound cannot be 
separated by elutriation, so that the precipitate cannot, as Proust main¬ 
tains, he regarded as a mere mixture of gold and sulphur. 

C Sulphate op Auric Oxide, or Auric Sulphate — Auric oxide 
dissolves sparingly m cold oil of vitriol —Yellow, strongly acid liquid, 
which, when gently heated, or when mixed with water, deposits metallic 
gold. (Pelletier.) 

D Sulphocarbonate of Gold. —AuS 3 ,SCS*.—Solution of chloride of 
gold, mixed with aqueous sulphocarbonate of calcium, yields a turbid 
mixture, which slowly becomes clear, and deposits a greyish-brown preci¬ 
pitate, black after drying, this precipitate, when subjected to distillation, 
gives off sulphur, and leaves gold blackened by charcoal. (Berzelius.) 

Gold does not unite with selenium when the two are heated togetliei. 


Gold axd Igdixe. 

A. Proto-iodide of Gold, or Aurous Iodide —Iodine exerts a 
scarcely perceptible action on gold, hydriodic acid, none whatever.— 
Preparation. 1. By the action ot hydriodic acid on teroxkle of gold, water 
being formed at the same time, and f of the iodine set free. (Pelletier.) 

AuO 3 + 3HI=AuI + 3IIO + 21. 

2. By precipitating a neutral solution of chloride of gold with aqueous 
iodide of potassium added in proper proportion. In this case, also, -f of 
the iodine is set fiee, and is expelled by heating the mixture. (Pelletier.) 

AuCP -r SKI = Aul + 3KC1 + 21. 

Aqueous iodide of potassium is added m small portions, stirring each 
time, to the neutral gold-solution, as long as a precipitate is thereby pro¬ 
duced. As the point of complete precipitation is approached, the liquid 
acquires a reddish colour, and then the iodide of potassium must be added 
only by drops, an excess would i e-dissolve a portion of the precipitate, 
producing a dark-coloured solution. Hence it is necessary to bit the 
exact proportion. (Instead of iodide of potassium, hydriodic acid or 
aqueous iodide of iron may be used; the latter, when newly prepared, 
has the advantage over iodide of potassium, that compound often con¬ 
taining free alkali; in using the iodide of iron, however, it is likewise 
necessary to avoid adding it in excess, which would re-dissolve the pre¬ 
cipitate.) The precipitate is washed with water by repeated subsidence 
and decantation, till all the chloride of potassium is dissolved out; it is 
then thrown upon a filter; the filter, after the water has run spread 
out on a piece of paper, and the precipitate freed from adhering iodine 
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by tliree or four days’ drying in a hot-air chamber at a temperature 
between 30° and 36°, the surface of the precipitate being renewed twice 
a day. At that temperature, only the fiee iodine is given off, the com¬ 
bined portion not escaping m any length of time. If, on the contrary, an 
attempt be made to remove the free iodine by boiling the precipitate with 
water, or by continued washing with alcohol, part ot the aurous iodide is 
decomposed, so that free gold becomes mixed with the precipitate, hence 
it must only be washed for a short time with alcohol, and afterwards with 
water. (Fordos, J . Pharm 27, 653; also Repert. 75, 344.)—If the gold- 
solution be mixed with a slight excess of iodide of potassium and heated, 
the greenish yellow precipitate diminishes in quantity, and, as the liquid 
cools, small, shining, golden yellow crystalline scales make their appear¬ 
ance, similar to those of iodide of lead, but containing only from 33*96 to 
34 43 per cent, of iodide, because the precipitate which separates at the 
beginning of the action, and mixes with the crystals, is nearly pure gold 
containing only 0 1 per cent, of iodine. (Johnston )—When the gold- 
solution is in excess, a bluish green mixture of iodine and protiodide of 
gold is obtained [after the removal of the free iodine 2], containing 34*93 
per cent, of iodine. (Johnston.)—Iodide of gold, nearly white and semi¬ 
crystalline, may likewise be obtained by cautiously adding neutial liydrio- 
date of ammonia to a moderately dilute and perfectly normal solution of 
chloride of gold, adding one measure of alcohol to 3 measures of the mix- 
tuie, decanting after a few hours, and freeing the black precipitate from 
adhering iodine by washing with alcohol. (Meillet, J. Pharm . 27, 665.) 
— 3. By pouring aqueous iodide of potassium on protochloride of gold, 
washing the precipitate on a filter, and drying it in cold air. (Johnston.) 
—4. By boiling very finely divided gold with aqueous hydriodic acid, 
with frequent addition of a small quantity of nitric acid, which, however, 
must not be added in such proportion as to decompose the whole of the 
hydriodic acid,—and filtering the resulting solution of iodide of gold m 
aqueous hydriodic acid while still hot. Part of the auious iodide then 
separates, on cooling, in the form of a lemon-yellow, crystalline powder; 
another portion, in the form of a greyish yellow powder, on boiling the 
lemaining liquid with mtiic acid till the hydriodic acid is completely 
decomposed, the precipitated iodine being afterwards expelled by long 
boiling. (Pelletier.)—Fordos thinks it preferable to let the iodine evapo¬ 
rate in the hot-air chamber, as above described. 

Properties. Lemon-yellow, shining, crystalline powder (greenish 
yellow when precipitated, according to method (4), by hydrochloric acid). 
(Pelletier.) When prepared by (3) it is a pale green powder. (Johnston ) 
A greenish yellow colour generally indicates the presence of fiee gold. 
(Fordos.) Obtained, according to method (2), by crystallization from a 
hot liquid, it forms shining, golden yellow scales. (Johnston.) Inodorous; 
tasteless at first, but if kept for some time on the tongue, it excites a 
peculiar taste by decomposing the saliva. 


Fordos. Johnston. Pelletier. 

An . 139 ... 61*23 . . 61*13 . 61*15 . 66 

I 126 38*77 . 38*87 38 85 . 34 

Aul 325 100 00 ~ 100 00 100 00 ~ 100 


Fordos examined the compound prepared by (2), after 14 days’ drying 
over lime in a vessel not exhausted of air.—Johnston examined the pale 
green powder obtained by (3), which, according to his analysis, does not 
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contain any free gold, notwithstanding its green colour.—Pelletier’s 
iodide of gold was prepared by (4), and undoubtedly contained metallic 
gold. 

Decompositions . Protiodide of gold kept for some time in a bottle at 
ordinary temperatures, continually acquires a darker, dingy, greenish 
yellow colour, and gilds the sides of the vessel, iodme being at the same 
time evolved and destroying the cork. In a drying chamber, at tempe¬ 
ratures between 30° and 35°, it remains unaltered for a considerable time; 
between 50° and 60° it decomposes more quickly, becoming covered in a 
few days with metallic gold. Heated to 70° m a current of dry air, it 
becomes covered with a golden film, even in three hours, at 320°, it is 
immediately and completely decomposed into metallic gold and iodine 
vapour. (Fordos.)—The crystalline scales obtained, according to (2), 
from the hot solution, give off 9 per cent, of iodine when exposed to the 
air for 10 days at ordinary temperatures; at 66°, they give off a small 
quantity of iodine, at 110°, nearly all; and at 204°, the last portions. 
(Johnston.)—Water, sulphuric acid, and nitric acid, which have no action 
on this compound in the cold, decompose it at a boiling heat into iodme- 
vapour and gold; this decomposition is entirely due to the heat. (Pel¬ 
letier, Fordos )—Hydrochloric acid exhibits a red colouring even at 70°. 
(Fordos.)—Bromine decomposes protiodide of gold immediately, and 
forms with water an orange-yellow solution, probably consisting of 
terbromide of gold. (Fordos.)—Chlorine gas (but not chlorine-water) 
produces instant decomposition, and if a little water be present, forms a 
solution of terchlonde of gold. (Fordos)—Iodine m presence of water, 
forms aqueous iodide of iron and metallic gold. (Fordos.)—Potash-ley 
immediately separates the gold, forming iodide of potassium and iodate of 
potash. (Pelletier, Fordos.)—Many organic compounds likewise separate 
the gold. The action of alcohol does not begin for several hours, is 
slower the more dilute the alcohol, and continues for several days. Fat 
triturated with iodide of gold exerts a decomposing action in a day; 
saliva is gradually coloured brownish violet by it; sugar forms with it a 
yellow mixture, which soon acquires a dingy yellow colour. Gum, on 
the contrary, impedes the spontaneous decomposition of iodide of gold. 
(Fordos )—Aqueous hydriodic acid forms the red-brown solution C, with 
separation of about two-thirds of the gold. In a similar manner, aqueous 
iodide of potassium or iodide of iron separates two-thirds of the gold, a 
compound of teriodide of gold with the more basic metallic iodide being 
formed at the same tune. Aqueous sal-ammoniac and common salt act 
but slightly, even at 35°. (Fordos.) 

B. Teriodide of Gold, or Auric Iodide. —When a normal solution 
of terchloride of gold is gradually added to aqueous iodide of potassium, 
the liquid gradually acquires a dark green colour, and yields a dark green 
precipitate of Aul 3 , which redissolves on agitation. A portion of gold, 
however, is very apt to remain undissolved, while the liquid retains fiee 
iodine; for, in consequence of the easy decomposibility of the Aul 3 , a 
small quantity of Aul is precipitated, and when it is redissolved by the 
iodide of potassium, metallic gold separates out After 1 atom of terchlo¬ 
ride of gold has been added to 4 At. iodide of potassium, a further 
addition of the gold-solution decolorizes the liquid, and forms a permanent 
dark green precipitate of teriodide of gold, because the teriodide of gold 
and potassium at first produced is thereby decomposed. 
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4KI *f AuCl 3 = 3KC1+ KIjAuI 3 ; 

Further: 3(KI,AuI 3 ) + AuCl 3 = 3KC1 + 4 AuF. 

The precipitate may be -washed without any considerable decomposition 
taking place , hut in drying it gives off a large poition of its iodine. 
Exposed to the air at ordinary temperatures, it is gradually converted 
into yellow piotiodide of gold, and afterwards into pure gold. Tenodide 
of gold is likewise decomposed by alkalis and earths —It combines with 
aqueous hydnodic acid, and with the more basic metallic iodides, forming 
with the latter a senes of very dark-coloured iodine-salts. (Johnston, 
Phil, Mag, J, 9, 266.) 


Au 

199 

34*49 

31 , 

378 

65 51 

Aul 3 

577 

.. 100 00 


C. Aqueous Hydriodate op Auric Iodide, or Acid Hydriodate 
of Auric Oxide. —1. Formed by dissolving finely-divided gold m aqueous 
hydriodie acid mixed with iodine. (Pelletier )—*2 By dissolving ter- 
lodide of gold m aqueous hydriodie acid (Johnston )— 3, By dissolving 
piotiodide of gold m aqueous hydiiodic acid, the action being attended 
with separation of metallic gold. (Foidos )—The dark brown solution, 
when left to evaporate freely, deposits small black prisms, which, on 
exposure to the an, acquire a fine purple colour, probably from separation 
of iodine (Johnston.) Whether the prisms consist of teriodide of gold, 
or of the h} T driodate of that compound, is a question not yet examined — 
Fordos likewise obtained a few needles on evaporating the solution in the 
hot-air chamber.—Ammonia added to the solution throws down a deto¬ 
nating compound (vid. Gold and Nitrogen .) 

D. Iodate of Auric Oxide, or Auric Iodate. —Iodic acid and 
iodate of potash form with aqueous terchloride of gold, a yellow preci¬ 
pitate, soluble in a large quantity of water. (Pleischl) 


Gold and Bromine. 

Terbromide of Gold, or Auric Bromide —Gold dissolves slowly in 
bromine-water, forming a liquid which imparts a violet colour to animal 
substances, and, on evaporation, leaves yellow bromide of gold, which is 
resolved by heat into bromme-vaponr and metallic gold (Balard )—The 
gold is abundantly dissolved, forming a red solution, and on evaporation, 
there remains greyish black bromide of gold, which, when ignited, leaves 
50 per cent of gold. Bromide of gold dissolves readily m water, foiming 
a deep scarlet liquid, which exhibits the reactions of a solution of cbloiide 
of gold, and yields scarlet crystals. One part of these crystals imparts a 
peiceptible colour to 5000 parts of water (Lampadius, Sckiv, 50, 377.)— 
Hydrobromlc acid forms with solution of chloride of gold a daik led 
mixture of aqueous bromide of gold and free hydrochloric acid, the 
latter may be distilled off, and the bromide of gold may be dissolved out 
of the mixture by ether. (Wilson, Athena urn, 1839, 674, abstr Jakresber. 
20, 1 OF.'i—Bromide of gold combines with the more basic metallic bro¬ 
mides, forming salts, which Bonsdorff calls Promo-a urates. 
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Gold and Chlorine. 

A. Protochloride of Gold, or Attrotts Chloride —Formed by 
beating tercbloride of gold to the melting point of tin, in a porcelain 
basin placed on tbe sand-bath, stirring constantly, and continuing the 
beat till no more chlorine is evolved.—Yellowish-white. (Berzelius ) 

Calculation, avoiding to Berzelius. 

An 199 0 . 84*9 

Cl do 4 15*1 

AnCl .... 234 4 . . 100 0 

At a somewhat higher temperature, it is resolved into gold and 
chlorine gas, by water it is resolved into tercbloride of gold, which dis¬ 
solves, and metallic gold, the decomposition being very quickly produced 
by boiling water; it takes place slowly m the dark, more quickly on 
exposure to light, and almost instantly on boiling—Aqueous solution of 
potash converts the compound into protoxide of gold and aqueous chloride 
of potassium. (Berzelius.) 

Hydrogen gas, passed for some time through a neutral solution of 
chloride of gold, gives it a fine purple-red coloui, without forming a pre¬ 
cipitate. The liquid, after long standing, deposits a small portion of 
gold, and when heated, is immediately converted, with deposition of 
metallic gold, into the yellow solution of chloride of gold. (Oberkampf.) 
Buisson, on passing hydrogen gas through the gold-solution, obtained a 
brown precipitate Proust and Schweigger-Seidel ( Sclav . 65, 268) ob¬ 
tained neither reddening nor precipitation. In an experiment, also, made 
by the author with pure hydrogen gas, in daylight, a small quantity of 
gold was precipitated, but no change of colour occurred in the liquid. 

B. Terchloride of Gold, or Auric Chloride. —Gold-leaf heated 
in chlorine gas absorbs it without visible combustion.—Gold-leaves and 
finely-divided gold obtained by precipitation dissolve [when the air has 
access2] in heated hydrochloric acid. (Proust)—Gold dissolves, even at 
ordinary temperatures, in chlorine-water, in mixtures of nitric acid with 
hydrochloric acid, sal-ammoniac, and common salt, and in mixtures of 
hydrochloric acid with nitrates or with chromic acid Formula for 
solution of gold in aqua-regia, supposing aqueous chloride of gold to he 
formed: 

An 4- NO 5 + 3HC1 = AuCl 3 T 3HO •*- NO 2 ; 
or supposing ter-hydrochlorate of auric oxide to be produced; 

An 4 - NO 5 4 - 3HC1 = AnO 3 3HC14- NO-. 

Tbe solution in aqua-regia, which may contain a considerable quantity of 
free hydrochloric and nitric acid—the acid solution of chloride of gold — 
gives off* these acids, together with water, when evaporated to dryness at 
a temperature somewhat above 100°; the residual terchloride of gold is, 
however, mixed with a small quantity of unevaporated free acid and 
protochloride of gold, which remains undissolved when the residue is 
treated with water (Berzelius.) A small quantity of protochlonde of 
gold may be produced, even if the evaporation be not carried quite to 
dryness; for the separation of chlorine from the terchloride takes place 
almost as readily as the evaporation of the free acid. (Berzelius.) 
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Dark ruby-red or red-brown mass, which becomes darker whenever it 
is heated. (Berzelius.) 

Calculation , accoi ding to Berzelius. 

Au ... 199 0 65 20 

3C1 . 106 2 34*80 

AuCl 3 ~ 305 2 100 00 

Gives off 2 atoms of chlorine at a temperature much below redness, 
leaving protochloride of gold, which, by exposure to a stronger heat, is 
converted into spongy gold. It is soluble in water; forms, with the 
more basic metallic chlorides, reddish yellow cklonne-salts, which Bons- 
dorff calls Ckloro-aurateSj it is likewise soluble m alcohol, ether, and 
volatile oils, which, however, exert a reducing action upon it. 

Aqueous Terclilo'nde of Gold , or Ter-hydrochlor ate of Auric Oxide.— 
Kormal Solution of Chloride of Geld .— This is the aqueous solution of 
pure terchloride of gold, and therefore contains no free hydrochloric (or 
nitric) acid. As terchloride of gold obtained by evaporation generally 
contains a little free acid, a perfectly normal solution of the terchloride 
can only be obtained by boiling the piotochloride with water (Berzelius.) 
The solution is brown-red when concentrated, reddish yellow when dilute. 
It reddens litmus. 

C. Hydrochlorate of Auric Chloride —The solution of gold in 
aqua-regia, prepared with an excess of gold and hydrochloric acid, so that 
all the nitric acid is decomposed, solidifies on evaporation and cooling, 
in a crystalline mass made up of laminae, and having a bitter, rough, but 
non-metallic taste. (Proust.) It yields long, light yellow, four-sided 
pi isms and truncated octohedrons. (Thomson, System ) The crystals fuse 
when heated, give off hydrochloric acid and chlorine, and leave a mixture 
of terchloride and protochloride of gold. (Berzelius ) They deliquesce 
in the air (Proust), but are not quite so soluble m water as terchloride of 
gold. (Berzelius.) When a solution of gold in aqua-regia is evaporated 
over the water-bath for a day, it remains liquid while hot, but solidifies 
in a crystalline mass on cooling. 

Acid solution of Chloride of Gold.—Ordinary Gold-solution .— The 
reddish yellow, normal solution immediately acquires a paler yellow colour 
on the addition of hydrochloric acid. (Beizelius.) The acid solution is 
obtained m the purest state by dissolving the above-mentioned crystals in 
water; and, mixed with excess of hydrochloric acid, by heating an excess 
of gold with aqua-regia, adding hydrochloric acid as long as nitrous fumes 
are evolved. Without this precaution, undecomposed nitnc acid would 
likewise remain mixed with it. When a mixture of hydiochloricacid and 
nitre is used, the liquid also contains chloride of potassium; and if nitric 
acid be used with sal-ammoniac or common salt, the solution will contain 
nitrate of ammonia or nitrate of soda The aqueous solution of common 
salt, nitre, and alum, also dissolves gold, this was the Menstruum sme 
strepitu of the ancients. — The solution is of a lemon-yellow colour, inclin¬ 
ing to orange-yellow; it tastes rough and bitter, and under the action of 
light, imparts a purple-red colour to the skin. 

The following are the reactions of the Xormal and Acid Gold-solutions: 
In those cases m which observers have not specified the exact nature of 
the solution employed, we shall denote it by the simple term, Gold- 
solution. 

Many substances throw down metallic gold or the purple oxide from 
these solutions. The normal solution, in a very dilute state, when kept 
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for three years in a stoppered bottle in the shade, deposits a large quantity 
of delicate gold spangles (Basseyre, Ann. Chim. Fhys. 54, 46.) The 
acid solution remains unaltered under similar circumstances. The normal 
solution, left to evaporate in the air, deposits a small quantity of gold on 
the sides of the vessel; also when kept in a vessel filled with nitrogen 
gas. Hence the nitrogen exerts a reducing action. (Fischer, Fogg 

17, 137.)—Hydrogen gas passed through the normal solution colours it 
red. (Oberkampf; comp. p. 215.)—Phosphorus immersed either in the 
normal or in the acid solution, quickly throws down the gold m the form 
of a yellow, ductile film, which envelopes the phosphorus.—Hyphoplios- 
phorous acid (Dulong) and phosphorous acid quickly precipitate gold 
from either solution m the form of a metallic powder. Characters traced 
on paper with a solution of gold become metallic when immersed in a 
vessel containing air and phosphorus. (H. Rose, Fogg 14,184.)—Accord¬ 
ing to Oberkampf, phosphuretted hydrogen gas colours the solution first 
brown, then purple, and precipitates metallic gold, with foimation of 
phosphoric acid; if, however, the phosphuietted hydrogen is in excess, 
phosphide of gold is likewise precipitated —According to H. Rose, on 
the contrary, no phosphide is thrown down —Sulphur has no action on 
gold-solution at ordinary temperatures, in a hot solution it becomes pene¬ 
trated by veins of gold (Fischer, Fogg. 12, 505 )—Sulphurous acid and 
alkaline sulphites immediately reduce the gold-solution at ordinary tem¬ 
peratures, causing it to appear bluish by transmitted light, on boiling, 
the gold separates in the form of a brown powder. (Berthier, A 7 * Ann 
Chim. Fhys. 7, 82.) The sulphurous acid is converted into sulphuric. 
(Jacquelain.) The reduction takes place, even in very dilute solutions, 
but not when a large excess of hydrochloric acid is present, even if the 
acid be partly neutralized by ammonia. (Wackenroder, J. pr Chem. 

18, 295.)—Selenium acts only on a hot solution, and acquires a deposit of 
gold, which prevents further action. (Fischer )—Nitric oxide gas and the 
vapour of fuming nitric acid reduce gold both from the normal and from 
the acid solution. Each bubble of gas becomes enveloped in gold, and in 
a short time the whole of the metal is precipitated. (Fischer, Fogg. 
17, 4S0.)—Most of the base metals, and likewise mercury, silver, palla¬ 
dium, and platinum, precipitate the gold, sometimes m the metallic state, 
as a brown powder or a gilding deposit, sometimes in the form of gold- 
puiple, which appears to be a compound of the purple oxide of gold 
(p. 206) with the oxide of the other metal.— -Manganese reduces gold but 
very slightly from its solutions (Fischer.) [On account of the carbon 
which it contains **]—Arsenic rapidly piecipitates the gold m the metallic 
state. (Fischer ) It forms a purple. (Lesage )— Antimony, which acts 
very slowly, becomes gilt, when immersed in a gold solution. (Fischer.) 
It produces a purple. (Lesage )— Tellurium becomes covered with a film 
of gold which stops the further action, even when heat is applied. 
(Fischer, Fogg. 12, 503 )— Bismiith precipitates the gold completely in a 
few hours, and becomes gilded. (Fischer, Fogg. 9, 255.) It yields a 
purple. (Lesage.) —Zinc throws down the gold quickly and completely in 
the form of a brown powder. (Fischer )— Cadmium slowly precipitates 
the gold in the form of a brown powder. (Fischer )— Tm quickly throws 
down metallic gold at fiist, afterwards the puiple of Cassius. (Fischer.)— 
Lead causes rapid metallic precipitation m dendrites. (Fischer.)— Iron 
and Cobalt precipitate the gold quickly and completely in the form of a 
brown powder. (Fischer.)— N%ckel acts in the same manner, but more 
slowly. (Fischer.)— Copper precipitates the gold quickly and completely, 



218 


GOLD, 


in the form of a brown powder. (Fischer.)— Mercury slowly takes up the 
gold, and forms an amalgam. (Fischer.)— Silver produces a slow precipi¬ 
tation of the gold (Fischer, Fogg. 2, 255.) It forms a purple. (Thomson, 
System.) — Platinum reduces gold from the neutral solution, and from that 
of the chloride of gold and sodium, but not from the acid gold-solution. 
Platinum retains this property after boiling with hydiochloric, nitric, or 
nitro-hydrochlonc acid, but not after boiling with oil of vitriol. (Fischei, 
Pogg. 16,124 )— Palladium precipitates gold completely. (Fischer, Pogg. 
10, 607.) —Titanium, tungsten, molybdenum, and chromium exert no 
reducing action on gold-solutions. (Fischer, Pogg 16, 127 ) — For piactical 
obseivations on the gilding of metals by precipitation, vid Baraal, N. Ann . CJnm. 
Phys. 18 ; also J . pi Chem. 39, 116 ; abstr Ann. Pharm. 60, 219. 

Arsemuretted hydrogen and antimoniuretted hydrogen gases preci¬ 
pitate gold from the solution, the former with formation of arsenious acid. 
(Soubeiran, Jacqnelain )—Arsenious acid dissolved in hydrochloric acid, 
precipitates gold slowly at ordinary, quickly at higher temperatures. 
(Levol.)—Terehloride of antimony precipitates gold completely from very 
dilute solutions, m the form of a very beautiful, dull gold-coloured 
powder, but from stronger solutions, in an arboiescent form * 

3SbCP + 2AuCl 3 = 3SbCF + 2Au 

The pentachlonde of antimony, as it foims, is decomposed by the water, 
yielding hydrochloric and antimome acids, which may mix with the gold. 
The latter mnst therefore he dissolved in a mixture of a little nitric with 
a large quantity of hydrochloric acid, so that all the nitric acid may be 
decomposed, (otherwise a fresh quantity of antimonic acid would be 
formed,) and the excess of hydrochloric acid may retain the antimonic 
acid in solution. The solution of antimomous acid m hydrochloric acid 
does not reduce gold. (Levol, Ann. Chim. Phys 76, 505; also J. pr. 
Chem. 24, 253.) The chloride of antimony must be added m the state 
of a very acid solution.—Feirous salts, green vitriol, for instance, added 
to either the normal or the acid gold-solution, precipitate the gold m 
the form of a soft brown powder, which colours the liquid brown by 
ieffected light, and blue by transmitted light, provided the solution be 
diluted to a certain extent: 

AuCP-f 6(FeO,SO' i )=An + 2(Fe£0 3 ,3S0 3 ) -r Fe-CP 
A solution of chloride of gold containing only 1 part of gold in 40,000 
parts of liquid still appears brown by reflected and blue by transmitted 
light, on the addition of green vitriol ; if the proportion of liquid amounts 
to 80,000 parts, a sky-blue colour is produced; with 160,000 parts, pale 
violet, even by reflected light, with 320,000 parts, very pale violet, and 
with 640,000 parts, scarcely perceptible violet. (Lassaigne, J. Chun , 
med. 8, 586 )—The precipitation of gold by green vitriol is complete, 
even from a very dilute solution; addition of hydrochloric acid accelerates 
the action, and heat causes the gold to unite in laininm. (Morin )— 
Aqueous protochloride of tin added to a concentrated gold-solution, either 
noimal or acid, throws down brown pulverulent gold-tm ; from a dilute 
solution it precipitates the purple of Cassius (vid. Purple of Cassius) A 
solution of chloride of gold containing 1 pt. of gold m 1 0,000 of liquid 
gives with protochloride of tin, a red precipitate; with 20,000 to 40,000 
of liquid, a tv ine-red colouring; with 80,000, a brown-red colouring , with 
160,000 to 320,000, pale brown, and with 640,000, a scarcely perceptible 
colouring — A mixture of chloride of gold with hydrochlorate of pentachlo- 
ride of antimony or terehloride of bismuth, forms a purple precipitate, not 
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only with protodhloride of tin, but likewise with green vitriol or mercurous 
nitrate (Buisson, J. Pharm . 16, 638, and 641.) On tlie other band, 
Desmarest (J. Pharm . 17, 219), by mixing a solution of chloride of gold 
with acid hydrochlorate of antnnonic oxide or solution of bismuth-nitiate, 
and then with a dilute solution of green vitriol, obtained merely a preci¬ 
pitate of metallic gold, but no purple —A solution of dichloride of copper 
in hydrochlonc acid precipitates gold from both the normal and the acid 
solution (Proust), so likewise does the solution of dibromide of copper in 
hydrobromic acid (Lowig.)—Mercurous nitrate produces thick, dark 
blue flakes, which, on heating the mixture, are converted into a blue-black 
gold powder. The precipitate formed in an acid solution at ordinary 
temperatures, is violet, and contains gold, mercury, and chlorine. (Proust) 
According to Fischer (Schv\ 56 , 363), it is bluish grey, and consists of a 
compound of mercuric oxide with red oxide of gold. According to 
Figuier, it consists of violet protoxide of gold.—If the two solutions aie 
acid and concentrated, and prepared m definite propoitions, the gold l& 
precipitated m the form of a soft powder adapted for painting on poicelam 
Many organic compounds added to gold-solutions throw down either 
metallic gold or the red oxide, which then unites with the organic com¬ 
pound more or less decomposed, and forms a red precipitate. The 
simplest mode of viewing these decompositions is to regard the chloride of 
gold as hydrochlorate of annc oxide, the oxygen of which i& transferred, 
wholly or partially, to the carbon and hydrogen of the organic compound, 
forming caibomc acid and water —Oxalic acid added either to a normal 
or to an acid gold-solution, tlnows down all the geld m the metallic state, 
with evolution of carbonic acid, the action taking place slowlv m the 
daik, more quickly when the mixture is exposed to light (Pelletier) 
The mixture immediately becomes brown by reflected, and green by 
transmitted light, and m 21 hours deposits all the gold m metallic 
laminae. (G Rose, Pogg 23, 170.) The gold-solution dropped on crys¬ 
tallized oxalic acid, or oxalate of ammonia, produces a bright led colouring 
in the course of 15 hours. Berzelius could not produce this red colouiing 
in any way whatever. (Jahresber. 11, 179.) In sunshine, or with the aid 
of heat, oxalic and citnc acid may produce purple precipitates (Desma¬ 
rest.)—Formic acid and formiate of potash precipitate the dilute solution 
but imperfectly, and even when the liquid is boiled with a large quantity 
of the potash-salt, one-third of the gold remains in solution. (Marin, 
J Pharm . 26, 104)—Tartrate, citrate, and acetate of potash, precipitate 
metallic gold from the solution, without formation of carbonic acid. 
(Pelletier ) Tartrate of soda does not piecipitate the gold till the liquid 
is heated, hut then the piecipitation takes place suddenly. (R. Phillips, 
Phil. J. lag. J . 2, 95 ) Hydrochloric acid m excess letards or prevents 
the precipitation by these vegetable acids.—Pyroracemic acid precipitates 
the gold completely, and with metallic lustre, on the application of heat. 
(Berzelius, Pogg . 36, 29 )—Gallic acid immediately precipitates metallic 
gold from the dilute acid solution, producing first a yellowish, and then a 
brown colouiing. Tincture of galk colours the solution first brown, then 
purple-ied, and afterwards thrown down metallic gold. (PfafF,A?mZy/. Ohm ) 
Ether, volatile oils, and recently ignited charcoal, separate the gold only in 
sunshine, or at 1Q9 3 . (Rumford, Scher. J. 2, 3.) The former gild the sides 
of the vessels; the charcoal becomes spotted with gold.—Sugar, manna, 
gum, the juices of fruit, and the decoctions of catechu, sumach, turmeric, 
fustic, grains of Avignon, Brazil-wood, cochineal, anise, and gamboge, 
form red pulverulent precipitates with the gold-solution. (Proust, Bchir . J 
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10, 95.) The gold-solution, boiled with sugar, yields first a liglit red, 
and afterwards a dark red precipitate. With glycerine, at a temperatiue 
somewhat below 100°, it immediately forms a violet powder. (A. Yogel.) 
A solution of 1 part of terchloride of gold in 30 parts of water, mixed 
with alcohol, sugar-solution, or starch-solution (the latter formed by 
boiling), deposits metallic gold, slowly m the dark, but m the course of a 
few hours, when exposed to light, so that it appears brown by reflected, 
and blue by transmitted light. (Fischer, Kastn Arch 9, 349.)—Linen, 
silk, wool, epidermis, and ivory, saturated with the gold-solution, become 
purple on exposure to light. A silk ribbon, moistened with gold-solution 
and exposed to light, becomes purple, but does not exhibit any gold 
colour when polished, if it be then immersed m hydrogen gas, it remains 
purple m the dark, but on exposure to light, acquires the colour of frosted 
gold, if, however, it be afterwards kept in the pocket-book, it again 
becomes purple, possibly because the hydrochloric acid has not been com¬ 
pletely washed out. (Creuzburg, J. pr. Chem. 10, 380.)—On the addition 
of potash, nearly all organic compounds reduce gold, precipitating it 
either immediately, or after some time, in the form of a black powder. 
The precipitation is accelerated by heat (H Bose, Analyte Gkein.) 

Hydrosulphuric acid passed through either the normal or the acid gold- 
solution, at ordinary temperatures, throws down tersulphide of gold in 
dark brown flakes. To the 2000th degree of dilution (Pfaff.) In a 
solution containing 1 part of gold in 10,000 parts of liquid, a brownish 
colour is produced without any precipitate, with from 20,000 to 40,000 
parts of liquid, a fainter colour is produced, and with 80,000, a scarcely 
perceptible colour. (Lassaigne.) When vapour of boiling water, con¬ 
taining a very small quantity of hydrosulphuric acid, is passed through 
the gold-solution, a purple-brown colouring is first produced, then a 
purple-red, and lastly a violet. (Pfaff, Schiu 52, 318.)—Hyposulphite of 
soda dropped into excess of gold-solution, throws down sulphide of gold. 
(Fizeau )—Iodide of potassium throws down yellow protiodide of gold, 
with separation of iodine. (Pelletier.) Hydnodic acid darkens the colour 
of the gold-solution, and after 4 hours, produces a yellow precipitate. 
(Pleischl, iSckw. 43, 387.) 

Oil of vitriol added to a concentrated normal gold-solution thiows 
down terchloride of gold, on heating the mixtuie to 150°, the terchloride 
gives off chlorine gas, and is reduced to protochloride and metallic gold. 
Similar reactions are pioduced by aqueous phosplioiic and arsenic acid; 
nitric acid, on account of its ready volatility, has no effect. (Pelletier.) 
Nitrate or sulphate of silver-oxide, added to the normal gold-solution, 
precipitates a brownish yellow mixture of auric oxide and chloride of 
silver, nothing but sulphuric or nitric acid remaining in the liquid. (Pelle¬ 
tier )—Mercuric nitrate likewise precipitates from the acid gold-solution a 
yellow powder, which contains auric oxide, calomel, corrosive sublimate, 
and water, and detonates when heated with sulphur. (Proust) The pre¬ 
cipitate has a dingy green colour, and is not perceptibly altered by boiling 
the mixture. 

Caustic ammonia or carbonate of ammonia added to the gold-solution, 
throws down the greater part of the gold m the form of fulminating gold, 
the more acid the gold-solution, and the larger the excess of ammonia 
added, the greater is the quantity of gold which remains dissolved. 
Fixed alkalis and magnesia added to the normal or acid gold-solution, in 
quantity not sufficient for the decomposition of the chloride of gold, 
daiken the colour of the liquid, and after a few hours, produce a reddish 
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yellow precipitate of hydrated auric oxide, containing chloride of gold and 
an auiate of the alkali The precipitation is accelerated by heat; the 
supernatant liquid contains the alkaline chloride produced in the reaction, 
together with the chloride of gold which remains undecompo&ed Potash, 
soda, baryta, stiontia, or lime, added to the gold-solution in insufficient 
quantity, precipitates a yellow basic hydrochlorate of auric oxide [impure 
hydrate, p. 208]; the supernatant reddish yellow liquid still gives a yellow 
precipitate when heated, but gold likewise remains in solution. (Ober- 
kampf.) Potash added to the gold-solution in quantity not quite sufficient 
to saturate the acid, colours it reddish yellow at first by withdrawing the 
excess of acid, and after several hours—more quickly, however, on the 
application of heat—produces a reddish yellow precipitate. But whether 
the normal or the acid solution be used, part of the gold always remains 
dissolved, in the form of chloride of gold and potassium, and gives a 
reddish yellow colour to the liquid. (Pelletier.) The precipitate dissolves 
in excess of potash, nothing but a small quantity of brown or blue gold 
remaining behind. (Vauquelm.) Auric oxide, pieeipitated by baryta, 
contains baryta in combination, as well as a little chloride of gold, even 
if the quantity of baryta added is not sufficient for the complete decompo¬ 
sition of chloride of gold (Pelletier.) Magnesia added to the gold 
solution in less than the equivalent quantity, throws down hydrated auric 
oxide, in combination with a small quantity of magnesia and chloride of 
gold. The supernatant liquid contains chloiide of gold and chloride of 
magnesium. (Pelletier) An excess of the fixed alkalis throws down 
anhydious auric oxide (more rarely the hydrate) in combination with the 
precipitating alkali, a certain quantity of gold, however, greater in pro¬ 
portion to the excess of alkali and to the quantity of alkaline chloride in 
the liquid, remains dissolved in tbe form of aurate of potash, forming a 
pale yellow solution. Potash added m excess to the normal solution pro¬ 
duces, after a while, a brown-black precipitate of anhydrous auric oxide, 
the quantity of which increases on heating the liquid. (Oherkampf.) 
Excess of potash converts the brownish yellow colour first produced in the 
acid solution, into a greenish yellow, paler in proportion as the excess of 
potash is greater, and throws down a scanty piecipitate of black oxide of 
gold containing potash; the quantity of this precipitate is less, as that of the 
potash added is greater, and never exceeds 0T of the dissolved gold. The 
pale greenish yellow liquid contains aurate of potash in combination with 
chloiide of potassium, and when mixed, even with weak acids, assumes 
the ordinary colour of the gold-solution, inasmuch as chloride of gold and 
potassium is produced (Pelletier, comp Freruy, p 208.) Baryta added 
m excess to the normal solution at ordinary temperatures, produces a 
yellow precipitate of basic salt [impure hydrate], hut, on the application 
of heat, it throws down the brown-black, anhydrous oxide, it precipitates 
the gold more completely than any other alkali; but nevertheless a por¬ 
tion of gold always remains dissolved (Oherkampf.) Baryta, even m the 
cold, throws down a black precipitate of anhydrous auric oxide, combined 
with baryta. The supernatant liquid contains chloride of barium and 
aurate of baryta. (Pelletier.) Magnesia added in excess to a gold-solution 
throws down hydrated auric oxide sometimes combined, sometimes merely 
mixed with baryta; the supernatant colourless liquid contains chloride of 
barium and aurate of magnesia, and becomes yellow when mixed with 
hydrochloric acid. Zinc-oxide behaves in the same manner as magnesia. 
(Pelletier.) If the gold-solution contains much alkaline chloride or free 
hydrochloric acid, which can form a chloride with the first portions of alkali 
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added, no precipitate is formed, either by ammonia or by tbe fixed alkalis. 
(Gberkampf) If a normal gold-solution be exactly saturated with car¬ 
bonate of soda, and boiled, nearly all tbe gold is precipitated m tbe form 
of auric oxide, if tbe liquid be then supersatmated with carbonate of 
soda, and neutralized while bot "with sulphuric acid, tbe rest of tbe auric 
oxide is precipitated, and tbe liquid becomes perfectly colourless. 
(Figuier.) Bicaibonate of potash added to gold-solution at ordinary teni- 
peiatures does not precipitate tbe gold, but merely throws down any 
cupric oxide that may be present (Duportal & Pelletier, Ann. Chim. 
78, 47 ) Neither monocarbonate nor bicarbonate of potash or soda pre¬ 
cipitates gold-solution at ordinary temperatures, in whatever propoition it 
may be added, but merely produces a deepening of tbe yellow colour At 
tbe boiling beat, these reagents, if added m small quantity, produce a 
brownish yellow precipitate, but m excess, they form a clear and nearly 
colourless liquid. White marble, moistened with gold-solution, does not 
become coloured in diffused daylight, but if heated or exposed to sun¬ 
shine, it acquires a purple coluur. (Desmarest.) 

Phosphate of soda, feirocyanide and feincyamde of potassium, and 
likewise cyanide of mercury, do not precipitate gold-solutions. 


Gold and Nitrogen. 

A. Nitride of Gold 1 —By proceeding with sal-ammoniac and chloride 
of gold, in a manner similar to that described for tbe preparation of 
nitride of zinc (Y, 83), a black substance is formed at tbe negative pole, 
having a specific gravity of 10 3, and so constituted, that a gram of it, 
when heated, gives off 0*01 cub. in. of nitrogen gas. (Grove.) 

B. Nitrate op Auric Oxide, or Auric Nitrate— a. Gold recently 
precipitated by green vitriol dissolves in strong nitric acid, but often 
separates from it again when the liquid is agitated (Beigman & Brandt, 
Berqhi Op me 3, 3.56 ) 

b According to Tennant (Schei J. 1, 307), fine gold leaves also dis¬ 
solve m fuming nitric acid, forming an orange-coloured solution. This 
solution when shaken npm water deposits auric oxide, but if it has been 
previously mixed with excess of fuming nitric acid, or if the water con¬ 
tains a small quantity of nitrate of potash, tbe gold gives up its oxygen 
to tbe nitrons acid, and is precipitated in the metallic state 

c. Recently-precipitated auric oxide, or its hydrate, dissolves in strong 
nitric acid, somewhat moie abundantly than in oil of vitriol, and forms a 
yellowish brown solution. Tbe solution, when evaporated, fiist deposits 
auric oxide, and finally leaves a black mixture of auric oxide and metallic 
gold, water, if no hydrochloric acid is present, pieeipifates all tbe auric 
oxide from it, m tbe form of a hydiate. (Vauquelin, Pelletier, Fiemy.j 

C. Au rite op Ammonia. —Formed by treating protoxide of gold with 
aqueous ammonia,—Violet,—Detonates when heated, (Figuier ) 

D Aurate op Ammonia.— Fulminating Gold, Aurum fuhmnans ,— 
1. Auiie oxide is conveiied into fulminating gold by lmmeision m caustic 
ammonia, or in sulphate, liydrochlorate, or nitrate of ammonia In caustic 
ammonia it gams 23*3 per cent in weight (Scheele, Ojmsc. 1, 102); m 
solutions of tbe above-mentioned ammoniacal salts, it gams 20 per cent. 
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(Bergman, Opusc . 2, 333); and the liquid acquires an acid reaction 
(Bergman, Sckeele.) Auric oxide prepared by method 3 (p. 207), if 
immersed for 24 hours in strong ammonia, then washed, and dried at 100 J , 
yields fulminating gold, sometimes of a dark olive-gieen, sometimes of a 
lighter green colour, which detonates violently. (Dumas, Ann. Chun 
Pk?/s. 44, 167 —2 Caustic ammonia or carbonate of ammonia precipitates 
fulminating gold from a solution of the chloride. The greater the quantity 
of free acid in the gold-solution, and the larger the excess of ammonia 
added, the greater is the quantity of gold which remains dissolved—100 
parts of gold treated by this process yield about 125 parts of fulminating 
gold (Bergman.) The more completely the fulminating gold is washed 
—at last by boiling it with water—the more easily and strongly does it 
detonate, the detonating power is likewise increased by boding with 
solution of caustic potash or carbonate of potash, and then washing with 
water (Bergman )—The wash-water forms a cloud with silver-solution, 
even after three days’ washing (Dumas ) The fulminating gold must be 
washed with, hot water containing ammonia, to remove the chloride of 
gold. (Berzelius.)—3. From a solution of auric oxide m sulphuric or 
nitric acid, ammonia‘likewise throws down fulminating gold. (Bergman.) 
4. Potash precipitates fulminating gold from a solution of gold in nitric 
acid containing sal-ammoniac. (Basilius Valentinus ) 

When prepared by the first method, it forms a green powder (Dumas), 
by the second, third, and fourth, a brownish yellow powder. 
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Fulminating gold prepared by the first method is, according to this 
analysis, 2NH 3 , AuO 3 , or, as Dumas prefers to write it, NH 3 , AuX +3HO. 
—In calculating the formula of fulminating gold prepared by (2), which 
Dumas washed with cold hut not with boiling water, the author has sup¬ 
posed it to be a mere mixture (varying probably according to the tem¬ 
perature during wa&hmg) of 1 At chlonde of gold and ammonium with 
10 At. of fulminating gold as prepared by (1) . viz. NLPOl, AuCP + 
10(2NX1 3 , AuO 3 ). The calculation must be regarded as merely approxi¬ 
mative The formula assigned by Dumas to the pieparation (2) is . 
2(NH 3 , AuX) + (2NH 3 , AuCl) + 9HO. 

Proust found 73 per cent of gold m fulminating gold prepaied by (2). 
Scbeele bad previously found that the quantity of oxygen m the gold- 
oxide of fulminating gold was not sufficient to convert all the hydrogen 
of the ammonia into water—or, according to the views then entertained— 
that the phlogiston in the ammonia was more than sufficient to reduce the 
calx of gold to the metallic state 

Fulminating gold detonates, when rubbed, struck, or heated, or when 
an electric spark is passed upon it, with a loud, sharp report, and a faint 
light, and yields nitrogen gas, ammonia, and water.—The facility and 
violence of the detonation are increased by boiling the powder with 
water, especially if the water contains caustic potash or carbonate of 
potash, also by heating it carefully. The explosion may then be brought 
about even by friction with a strip of paper. [The adhering chlorine- 
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compound is by these means dissolved or decomposed, and the moisture 
expelled.]—Fulminating gold kept for some hours at 100°, becomes so 
inflammable that it can scarcely be touched without exploding (Dumas.) 
—Moist fulminating gold does not detonate by heat till it becomes dry, 
and then not violently and all at once, but in separate portions, as they 
give off their water. (Bergman.) The detonation by heat takes place at 
143°. (Dumas.) Fulminating gold acquires a blackish tint when raised 
nearly to the temperature at which it explodes. (Bergman ) Even in 
the explosion of dry fulminating gold, only a portion is decomposed, the 
rest is merely scattered about, and causes new explosions as it falls on the 
coal-fire below. (Bergman )—The explosion breaks through the suppoit, 
and scatters into the air anything that may be placed upon it. Silver or 
copper supports are gilded by the explosion. Fulminating gold brought 
close to a candle from the side puts it out m exploding The explosion 
of large masses bursts the doors and windows of the apartment. (Berg¬ 
man.) A dram of fulminating gold introduced into a bottle, burst it as 
tbe stopper was being turned round, small particles of tlie substance 
having remained adhering about the mouth, and both the operator’s 
eyes were irrecoverably destroyed by tbe projected fragments of glass. 
(Baurne.) Half a dram of fulminating gold exploded m a strong glass 
vessel yields 0*7 of a cubic inch of nitrogen gas. (Bergman ) A gram of 
fulminating gold exploded in this manner yields a quantity of nitrogen 
gas equal in bulk to drams of water. (Selieele.)—When fulminating 
gold is carefully mixed with large quantities of finely-divided foreign 
substances, such as alkaline or earthy salts, the eaiths, &c , the mixture 
may be heated without danger of explosion. Oxide of copper behaves in the 
same manner with fulminating gold; the ignition of the mixture gives rise 
to the evolution of nitrogen gas; but not of nitric oxide The residue contains 
metallic copper and chloride of copper. (Dumas.)—A mixture of 1 pt of 
fulminating gold and from 1 to 2 pts. of sulphur does not explode when 
gradually heated. Fulminating gold may also be introduced by separate 
small portions into melted sulphm without exploding. (Bergman.) The 
mixture gradually heated wfith ten times its weight of sulphur, swells up 
at 150°, gives ofl* gas, and after the sulphur has burned away, leaves 
between 73 and 74 paits of metallic gold. When fulminating gold is 
very carefully heated nearly to the temperature at which it wrnuld ex¬ 
plode, then cooled a little, and again more strongly heated, great care 
being taken to avoid friction, it may be ultimately raised to a red-heat 
without exploding (Bergman.) Fulminating gold kept for some hours 
at 130°, then at 140 3 , and then at 150° and 160°, may afterwards be 
beated to redness without exploding, all the gold remaining behind in the 
metallic state (Dumas.)—Sulphuretted hydrogen gas and aqueous proto- 
chloride of tin decompose fulminating gold without detonation, the latter 
with formation of purple of Cassius (Proust)—Fulminating gold remains 
unaltered when gently heated in oil of vitriol, but if the temperature rises 
to the boiling point, it is converted, without explosion, into metallic gold; 
and if the liquid be further concentrated by boiling, sulphate of ammonia 
sublimes. (Bergman.)—With dilute sulphuric or with nitric acid, it may 
be boiled without decomposing, the boiling points of these liquids not 
being so high as that of strong sulphuric acid (Bergman.)—Boiling 
hydrochloric acid dissolves fulminating gold sparingly; the portion which 
remains undissolved is fulminating gold in its original state, and the 
solution yields a precipitate of that substance when treated with potash. 
(Bergman.) Copper precipitates gold from the solution, and the remain- 
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ing liquid distilled with eaibonate of potash, yields carbonate of ammonia. 
(Scheele )—Aqueous alkalis, most acids, and alcohol, have no effect on 
fulminating gold, even when heated with it. 

If the gold-solution be mixed with an insufficient quantity of ammonia, 
a yellower fulminating gold is precipitated, which contains chloride of 
gold as well as aurate of ammonia, detonates at a higher temperature 
and less violently than pure fulminating gold, and when mixed with 12 
parts of silica and heated, yields hydrochloric acid and nitrogen gases. 
(Berzelius, Lehrbuch.) 

The supernatant liquid in preparation (2) contains aurate of ammonia, 
probably combined with the hydrochlorate of ammonia in the form of a 
double salt. 

The solution of teriodide of gold in aqueous hydriodic acid, forms, with 
ammonia, a precipitate which is dark brown or black, accordingly as the 
ammonia or the gold-solution is in excess, and, when heated, detonates 
like fulminating gold, giving off iodine and ammonia. Hot nitric acid 
converts it. with evolution of iodine, into a mixture of metallic gold and 
the protiodide. (Johnston.) 

E. Iodo-aurate ov Ammonium —The solution obtained by digesting 
teriodide of gold in hydriodate of ammonia, yields black, strongly 
lustrous, flat, four-sided prisms, which deliquesce in moist air. (Johnston ) 

F Chloro-aurate oe Ammonium.— a . Yellow .—The neutral solution 
of chloride of gold, mixed with sal-ammomac, yields, by spontaneous 
evaporation, golden-yellow, transparent needles, or right rectangular 
prisms with quadiilateral summits, or laige rhombic tables —The crys¬ 
tallized salt, when exposed to the air, begins to effloresce, even m a tew 
minutes—When heated a little above 100°, it gives off all its water and 
becomes darker, but resumes its pale yellow colour on cooling. At a 
higher temperature, it fuses into a ieddish liquid, giving off chlorine and 
sal-ammoniac, and leaving gold. If the heat be carefully applied, this 
decomposition takes place without fusion, so that the gold still retains 
the form of the crystals. (Johnston.) 

b. Red —J. The yellow salt dissolves with effervescence in hot aqua- 
regia, forming sometimes a reddish yellow, sometimes a deep blood-red 
liquid, which, on cooling, deposits yellow prisms, similar to those of a , but 
acquiring a deep red colour at 149 J . On evaporating the solution, there 
remains a blood-red mass—or deep purple-red, if the temperatuie be 
raised to the point of incipient decomposition—which, when exposed 
to the air, deliquesces very rapidly and forms a vellow liquid, and this, 
when evaporated, leaves a red liquid, which solidifies on cooling m a 
mass consisting of dark red needles. Alcohol poured upon this mass 
separates sal-ammoniac and greenish yellow gold-particles, and forms a 
dark red. solution, which, on evaporation, yields reddish yellow, four¬ 
sided prisms These crystals turn red at I00 D , fuse at a somewhat 
higher temperature, and then solidify m a mass, which, when examined 
by the microscope, is found to be made up of cubes. Alcohol dissolves 
these cubes in the same manner as the original mass, but only partially. 
The aqueous solution is not decomposed by alcohol. Ammonia forms 
with it a light brown precipitate.—2. By evaporating a mixture of sal- 
ammoniac and acid gold-solution [likewise containing nitric acid in a 
glass, with frequent stirring and at a high temperature, so that the yellow 
salt which collects on the sides may dissolve with effervescence in the 
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liquid. The liquid, on further evaporation, becomes blood-red, and when 
cooled, yields a great number of bright red cubes, with which, at a later 
stage of the operation, small yellow prisms of the yellow salt a become 
mixed The cubes, when kept in a sealed tube, turn yellow m a few 
weeks without change of form. (Johnston ) 

The sublimate which Storr obtained (Crell 1ST Entd . 2, 40) by heating 
J oz. (1 loth) of sal-ammoniac with 21 gold-leaves, exhibited a purple 
colour m particular places, formed a solution of the same colour with 
water, and the solution, when left to stand for some time, or mixed with 
carbonate of potash, yielded a purple precipitate. 


Gold and Potassium. 

A. Alloy op Gold and Potassium. —Potassium acts rapidly on gold 
at high temperatures Water extracts potash from the compound, leaving 
the gold unaltered (H. Davy.) 

B Aurite op Potash —When piotochloride“of gold is decomposed 
by solution of potash, pait of the resulting protoxide dissolves in the 
potash, forming a gieen solution; the compound is, however, soon resolved 
into metallic gold which gilds the sides of the vessel, and aurate of 
potash. (Berzelius ) 

C. Aurate op Potash. —When nitre is melted for a long time in a 
golden tube, the potash thereby produced forms a yellow solution m 
water. This solution, when mixed with nitric or sulphuric acid, acquires 
a darker colour, and deposits metallic gold, the reduction being probably 
due to the nitrite of potash present m the liquid. (Tennant, Scher. J. 
1, 306 ) 

Pelletier, by boiling the hydrated auric oxide precipitated by magnesia 
and exhausted by boiling water (it still contained magnesia), or tbe 
hydrate precipitated by water from the nitric acid solution, with caustic 
potash, obtained an alkaline liquid, which crystallized indistinctly on 
evaporation, depositing at tbe same time a small quantity of anhydrous 
auric oxide, and when supersaturated with hydrochloric acid, yielded a 
yellow gold-solution, when mixed with excess of sulphuric or nitric acid, 
it gave a yellow flocculent precipitate of hydrated auric oxide, which 
soon turned violet, and when the liquid was further concentrated, became 
black. If, howevei, the aurate of potash had been previously mixed 
with a metallic chloride, sulphuric or nitric acid formed a clear yellow 
mixture.—According to the more recent observations of Figuier, it re¬ 
mains to be detcimined whether the liquids obtained by Tennant and 
Pelletier may not contain peraurate of potash.—Aurate of potash (or 
soda) obtained, either by boiling a solution of chloride of gold with 
exce-s of monocarbonate or bicaibonate of potash (or soda), or by boiling 
auric oxide precipitated by magnesia with solution of potash (or soda), gilds 
coppei, brass, and bronze, and is peculiarly well adapted for that purpose 
(yid Elkmgton, Fogy* 55 , 160; Schubarth, J. pr. Chem . II, 339) 

Fremy obtains aurate of potash m the crystalline state by evapo¬ 
rating the solution of pure auric oxide (auric) acid in a slight excess of 
puie potash, first over the open fire and then m vacuo. If the liquid is 
very concentrated, the aurate of potash crystallizes m small needles, 
having a faint yellowish colour and arranged m warty groups, the liquid 
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often solidifies in a mass on slight agitation. To free the crystals from a 
certain quantity of potash or carbonate of potash which often adheres to 
them, they must be quickly washed with cold distilled water, or else 
recrystalhzed, which is better; the crystals are laid on nnglazed porcelain, 
and dried in vacuo. During the evaporation, a certain quantity of gold 
generally separates, and must be removed by decantation. Aurate of 
potash is very soluble in water, imparting to it a slight yellowish colour, 
and a strong alkaline reaction. 


KO 

47 2 

14 54 

Fr6my. 
14 1 

An 

199*0 

61*43 

61*1 

30 . 

. 24 0 

7 39 

7 5 

6 HD 

54 2 

16*64 

16 7 

K0,Au0 3 -r 6Aq 

324 2 

100 00 

99*4 


Decomposes at a gentle heat, with a kind of decrepitation, giving off 
oxygen and water, and leaving a residue of metallic gold and potash, 
generally mixed with peroxide of potassium. Nearly all organic sub¬ 
stances reduce aurate of potash, precipitating metallic gold; attempts to 
moderate the action of the reducing agents, in such a manner as to obtain 
potash-salts containing a lower oxide of gold, were unsuccessful.—Aurate 
of potash gives precipitates wnh most metallic salts, showing that the 
corresponding aurates are insoluble m water. Many of them, however, 
are soluble m excess ot the reagent, thus, chloride of calcium forms with 
aurate of potash a precipitate of aurate of lime soluble in excess of chlo¬ 
ride of calcium. (Fiemy, X. Ann. Chim. Fkys 31, 478 ) IT 

Aurate of potash appears to he capable of combining with other 
potash-salts to form double salts 

As auric oxide piecipitated by potash from the gold-solution retains a 
portion of potash so obstinately that it cannot he extracted by water but 
0I1 ty by nitric acid, there must likewise exist an insoluble aurate of potash 
unih excess of am ic acid. 

D. Sulphide of Gold and Potassium.— Aurosulphuret of Potassium. 
—Gold dissolves in fused potassic liver of sulphur .—% When 1 At. gold, 
2 At protosulphide of potassium, and 6 At. sulphur are melted together 
in a crucible, a fused mass is obtained, winch, when digested in water, 
yields a solution probably containing the compound KS, AuS ; this solu¬ 
tion, when evaporated, yields a mass of indistinct crystals, the composition 
of which could not be correctly determined by analysis (Yorke) IT— 
Aqueous sulphide of gold and potassium is obtained . 1. By dissolving 
sulphide of gold in a hot aqueous solution of sulphide of potassium, 
or of caustic potash.—2. By boiling finely-divided gold and sulphur with 
hydrosulphate of potash, caustic potash, or carbonate of potash. Hydro- 
sulphate of potash does not dissolve gold without the addition of sulphur. 
—3 parts of sulphur and 3 parts of crude potash dissolve 3 pt. of gold 
vhen boiled with it m water (Stahl.)—Acids added to the reddish 
yellow solution of sulphide of gold and potassium, precipitate sulphide of 
gold in the form of a brown powder. (Obeikampf.) 

If E. Aubosulfhite of Potash. —When sulphite of potash is added 
drop by drop to a solution of aurate of potash previously mixed with excess 
of alkali, the liquid first acquires a brown colour, and immediately after¬ 
wards this salt crystallizes out in beautiful yellow needles. These crystals 
are nearly insoluble in the alkaline liquid; but pure water, especially at a 
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boiling heat, decomposes and dissolves them, 'with evolution of sulphurous 
acid and separation of metallic gold Acids decompose this salt imme¬ 
diately, likewise causing an escape of sulphurous acid and precipitation 
of gold. Organic substances also reduce the gold. After drying m vacuo, 
the salt may be preserved in well-stopped bottles for two or three 
months, but not longer, even in sealed tubes, it ultimately decomposes, 
sulphurous acid beiDg liberated, and a blackish mass left, chiefly consist¬ 
ing of metallic gold and sulphate of potash. The same decomposition is 


rapidly brought about by heat. (Fremy.) 

5KO . . . 236 . 

AnO 3 . 223 . 

8SO 2 256 

5HO 45 

. 31*06 . 

29 34 

33 68 

5 92 

Fremy. 
29 5 
29 1 
37*0 

ICO, AuO 3 + 4(KO,2SO’) + 3Aq 760 

. 100*00 



This salt might also be regarded as sulphite of auric oxide and potash ' 
5(KO, SO 3 ) + AuO 3 , 3S0 3 -f-5 Aq : considering, however, the little ten¬ 
dency which auric oxide has to combine with acids, it is not very likely 
that it should unite with so powerful a reducing agent as sulphurous acid. 
Fremy is most inclined to regard this compound as the potash-salt of a 
ternary acid composed of gold, sulphur, and oxygen, analogous to his 
sulphazotic acid. (Ann. Pharm. 56, 815.) IT. 

F. Igdo-aurate of Potassium — 1. Formed by adding nearly 
1 At. terehlonde of gold (with agitation) to 4 At. iodide of potassium 
dissolved in water, and leaving the dark-coloured liquid to crystallize: 

4KX + AuCl 3 = 3KC1 + (KI,AuI 3 ). 

2. Teriodide of gold dissolves abundantly in hot aqueous iodide of 
potassium, forming a dark red-brown liquid which yields the same crystals. 
(Johnston) The solution of protiodide of gold in aqueous iodide of 
potassium (the formation of which is attended with separation of gold), 
when evaporated over the water bath, and even at lowei temperatures, 
gives off iodine and deposits gold, but nevertheless sometimes yields ciystals 
of the double iodide. (Fordos )—Long, slender, four-sided prisms, striated 
on the two lateral faces, and with dihedral summits Strongly lustious, 
black and opaque, even by candle-light. At 66° they give off part of 
their iodme, and acquire a purple colour. When exposed to the air at 
ordinary temperatuies, they give it off very slowly. When heated in a 
tube, they yield a skeleton of gold, which still retains the crystalline 
form. In water they dissolve with partial decomposition; aqueous 
hydz iodic acid and very dilute iodide of potassium dissolve them per¬ 
fectly. (Johnston.) 

Crystallized . Johnston. 

KI . 165*2 . 22 26 22 27 

Au . . 199 0 26 81 26*71 

31 . . 378 0 50 93 51 02 

KI, Aul 3 ~ 742*2 ~ 100 00 ~ 100 00 

Gr. Bromo-aurate of Potassium —Formed by mixing aqueous ter- 
bromide of gold with bromide of potassium. The solution of the dehy¬ 
drated salt in absolute alcohol, deposits, when evaporated by heat, 
anhydrous crystals, having the form of rhombic prisms and irregular 
six-sided prisms, aud the same colour as the hydrated salt.—The 
aqueous solution yields hydrated crystals, which are also right rhombic 
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prisms. Fig. 61; u f : u— 102° SO'. By reflected light they exhibit a 
semi-metallic lustre and the colour of specular iron , by transmitted light 
they appear of a fine purple-red In dry air they effloresce, assuming 
the appearance of blood-stone; they give off all their water at 60°. They 
dissolve sparingly in water, forming a deep leddish yellow-brown solu¬ 
tion,—more readily in alcohol. (Bonsdorff, Fogg. 19, 346, 33, 64.) 



Anhydrous. 




Hydrated. 


KBr 

. 117 6 

21 

31 

KBr 

117*6 

. 19 71 . 

20 16 

An 

199*0 

36 

06 

An 

199 0 . 

. 33*34 . 

33*12 

3Br . 

235 2 

42 

63 

3Br 

235*2 

. 39*41 . 

39 84 





5HO 

45*0 . 

7* 54 

6 88 

KBr, AuBr 3 551*8 

100 

00 

+ 5Aq. 

596*8 

. 100 00 

100*00 


H Chloro-aurite of Potassium. —KC1, AuCl.—Formed by fusing 
the chloro-aurate.—In the fused state, this compound is black-brown, 
translucent at the edges, where it exhibits a dark brown colour, when 
cold it is yellow. In a close vessel it sustains a continued red heat with¬ 
out decomposing. When digested in water (or hydrochloric acid) it is 
resolved into metallic gold and a soluble mixture of chloride and chloro- 
aurate of potassium. (Berzelius.) 

I. Chloro-aurate of Potassium. —By evaporating and cooling a 
solution of chloride of gold mixed with chloride of potassium, yellow, 
hydrated crystals are obtained (Javal), which give off their water at 100°, 
and are reduced to a lemon-yellow powder (Berzelius).—At a higher 
temperature the salt fuses into a dark red-brown liquid, and is converted, 
with loss of chlorine, into the compound H. (Berzelius) , and when kept 
for a long time at the temperature of melting glass, it is resolved into a 
mixture of gold and chloride of potassium, a portion, however [m the 
form of the salt H], remaining undecomposed. (Javal.) Hydrogen gas 
passed over the salt at a red-heat, decomposes it completely, yielding 
hydrochloric acid gas and a mixture of gold and chloride of potassium. 
(Berzelius & Johnston.) 

The hydrated crystals are yellow four-sided prisms (Javal), orange- 
yellow rhombic prisms with striated surfaces, or needles, or large six-sided 
tables. (Berzelius & Johnston.) According to Berzelius, the prisms are 
perpendicularly truncated; according to Johnston, obliquely. A very acid 
solution yields thick prisms; a neutral solution, needles, and a solution 
supersaturated with chloride of potassium, and left to evaporate spon¬ 
taneously, yields tables (Berzelius & Johnston).—The crystals effloiesce 
slightly when exposed to the air (Javal, Johnston), they effloresce very 
quickly in dry air, yielding a sulphur-yellow powder, at 100 5 they give 
off all their water without a trace of chlorine. (Berzelius, JV. Edmb . J. of 
Sc. 3, 281; also Fogg. IS, 599.) At 100° they give off only 8 per cent., 
and do not evolve any more till heated to the point at which chlorine 
likewise begins to go off; they then give off at most 9*43 p. c. (Johnston, 
N. Edmb. J. of Sc 3, 290) The crystals dissolve readily in water, 
forming a bright yellow solution. (Javal, Ann. Ohwi . Phys. 17, 337; 
also i7. Tr. 6, 2, 285.) They are also easily soluble in alcohol. (Ber¬ 
zelius.) 



Anhydrous . 


KCI . 

74 6 

19*64 

An 

199 0 

52*40 

3C1 

106 2 

27*96 

KCl.AuCl-* ... 

379 8 

100-00 
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Berzelius. 

Johnston. 

Javal. 

KC1 . 

. . 74*6 

17*57 

17*53 

18 38 

24*26 

Au 

199 0 

46 84 

. 46*80 

46*73) 

68 64 

3 Cl 

. 106 2 

25 00 . 

. 25 05 

25 44 j * 

5HO , . . 

. 45 0 . 

10 59 . . 

„ 10 62 , 

9 45 , 

7 10 

KCljAuCl 5 + 5Aq. 

424 8 

100 00 

100 00 

100 00 

100 00 


A red solution is obtained by dissolving the salt I in aqua-regia ; 
but this solution yields on evaporation; not a red mass, but yellow crys¬ 
tals which do not turn red even when heated. (Johnston.) 


K. Aurate of Potash with Chloride of Potassium t —When a 
gold-solution is precipitated by excess of potash (or carbonate of potash), 
there remains a pale green liquid, which, on evaporation, yields crystals 
of chloride of potassium mixed with yellow crystals (Yauquelm); all 
acids, even very weak ones, colour it yellow by withdrawing potash and 
separating chloride of gold. The addition ol an excess of potash pro¬ 
duces no further precipitate in the liquid. (Oberkampf, Pelletier.)—A 
mixture of the solution of chloride of gold and an alkaline carbonate is 
reduced by sugar on the application of a gentle heat. (Dobeieiner, Ann. 
Pharm. 2, 5 )—Pelletier supposes that the gold-solution, after precipi¬ 
tation by excess of potash, contains independently chloride of potassium, 
chloride of gold, and aurate of potash.—According to Figuier s experi¬ 
ments it probably contains peraurate of potash, together with chloride of 
potassium and aurate of potash. 

According to Pelletier, auric oxide dissolves in small quantity in a 
boiling aqueous solution of chloride of potassium, the liquid is yellowish 
and has a slight alkaline reaction; it therefore probably contains ter- 
chloride of gold, anrate of potash, and chloride of potassium (chemically 
combined ?) 


Gold and Sodium. 

IT A. Sulphide of Gold and Sodium.— Aitrosidphurei of Sodium. 
—1. Formed by heating to bright redness a mixture ot 1 At gold, 2 At 
protosulphide of sodium, and 6 At sulphur, digesting the fused mass m 
water, filtering the resulting yellow solution m an atmosphere of nitrogen, 
and concentrating in vacuo over sulphuric acid; yellow crystals are 
thereby obtained, which become colourless by recrystallization.—2, By 
dissolving sulphide of gold (obtained by treating a solution of the chlo¬ 
ride with sulphuretted hydrogen, and probably consisting of AuS 2 ) in 
aqueous protosulphide of sodium, and leaving the solution to crystallize. 
—The crystals belong to the oblique prismatic (monoclinometric) system; 
they are six-sided prisms, with trilateral or quadilateral summits. They 
quickly turn brown in tbe air, and when heated, give off water, and 
afterwards sulphur. They are soluble m water and alcohol. Acids added 
to the solution throw down a yellowish brown precipitate, containing 
1 At. gold and from 1 to 2 At sulphur, sulphuretted hydrogen being 
likewise evolved. The solution, when exposed to the air, slowly decom¬ 
poses and turns brown. (Yorke, Chem . Soc. Qu. J 1, 230.) 


Yorke (mean). 

An .... 199*0 . 60 75 60 04 

3STa ... 23*2 . . 7*10 . 7 31 

2S . 32*0 . . 9*89 . 10*36 

SHQ . 72 0 22 26 21 91 


S$aS,AuS + 8Aq.. 326 2 .... 100 00 .... 99 65 
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Sulphide of hydrogen and sodium, digested with sulphide of gold, 
dissolves hut a very small quantity ot it at 01 dinary temperatures; on 
heating the solution, the sulphide ot gold is reduced. (Yoike.) 

B. Hyposulphite of Aurous Oxide and Soda — a When teichloride 
of gold and hyposulphite of soda are dissolved m very small quantities of 
water, the solutions mixed, and alcohol added, a precipitate is formed, 
consisting of this salt, while tetrathionate of soda and chlonde of sodium 
remain m solution: 

8(NaO,S 2 OD + AuCD -r 4HO = [3(Na0,S-0 2 ) + AuO^O- + 4Aq] 

*r 2(Na0,S 4 0 5 ) + 3NaCL 

By redissolving the precipitate in a small quantity of water, and repreci¬ 
pitating with alcohol, the salt is obtained in a state of purity, it then 
forms colourless needles, insoluble in strong alcohol, very easily soluble 
m water, and having a sweet taste. 


An 

199 0 . 

. 37*65 

Fordos & Gelis, 
37 35 

3Na 

69 6 

13*17 

13 27 

SS 

]28 0 

24*21 

24 33 

120 . 

96 0 

18*16 

18 35 

4HO 

36 0 

6.81 

6 70 

S^XaOjS-Oq t AnO,S : 0 2 + 4Aq 

528 6 

100*00 

100 00 


The salt, when heated m a tube, first gives off water, then sulphur 
and sulphuious acid, the water does not go off*at 100°,hut between 150 3 
and 160', the salt loses from 6 4 to 7 0 per cent of water without decom¬ 
position. When exposed to the air, it takes up this water again in the 
course of 24 hours. Decomposes when suddenly heated, leaving metallic 
gold and sulphate of soda, it is free from chlonne, Aitnc acid acts 
rapidly upon it, forming sulphuric acid, sulphuretted hydiogeu and 
soluble metallic sulphides precipitate the solution bxowmsh yellow — 
Tincture of iodine forms no precipitate in a concentrated solution of this 
salt, but on diluting with a large quantity of water, after saturation, pure 
yellow protiodide of gold is immediately precipitated, while iodide of 
sodium and tetrathionate of soda remain m the liquid : 

[3(NaO f S-O 2 ) + AuO, S 2 0-] + 21 = Aul + Nal + 2(Na0,S 4 0 3 }. 

The protiodide of gold is subsequently resolved by the action of the 
dissolved iodide of sodium into metallic gold and the teriodide, hut its 
precipitation in the first instance, free from texiodide, shows that the 
original salt contains no teroxide of gold —The presence of gold m this 
salt is not indicated by green vitriol, protochlonde of tin, or oxalic acid. 
Hydrochloric acid, dilute sulphuric acid, and vegetable acids added to the 
solution, neither separate sulphur nor sulphurous acid, nitric acid alone 
decomposes it at ordinary temperatures. Chlonde of barium throws down 
a precipitate somewhat soluble in water, but completely separable on the 
addition of alcohol; this precipitate probably consists of a hyposulphite 
of aurous oxide and baryta corresponding to the soda-salt. 

A solution of this salt, containing from 1 to pt. in 1000 parts of 
water, is recommended by Fordos and Grelis for fixing the pictures on 
Daguerreotype plates, instead of the usual mixture of chloride of gold 
(1 pt. m 500 of water) and hyposulphite of soda (3 pts. in 500). 

By the further action of hyposulphite of soda on chloride of gold, 
other products are formed; and among the rest, a brown substance soluble 
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in water and insoluble in alcohol, it appears to be richer in gold than the 
salt above described, and when the chloride of gold is m excess, is 
resolved into sulphuric acid and metallic gold. (Fordos Sc Gelis, iV. Ann. 
Chim. Phys 13, 394 ) 

b. Another hyposulphite of aurous oxide and soda, containing 
3NaO, S 2 0 2 4- AuO, S 2 0 2 -f5 Aq. is mentioned by Himly. (Ann. Pharm. 
59, 95.) IT 

C. Hyposulphite of Auric Oxide and Soda. —Formed by di opping 
a solution of chloride of gold free from excess of acid into aqueous hypo¬ 
sulphite of soda, the latter being somewhat in excess. If an excess of 
gold-solution be added, sulphide of gold is precipitated. The mixture 
assumes a reddish tint at first, but soon becomes colourless. It contains 
no sulphuric acid, but appears to contain tetrathionate of auric oxide and 
soda, as well as hyposulphite. (Fordos Sc Gelis, AL J. Fhaiirn. 4, 338 ) 

IF D. Sulphite of Aurous Oxide and Soda 2 —Colourless in so¬ 
lution, but when precipitated by alcohol, it is yellow, like fulminating 
gold by reflected light, and red like gold-purple by transmitted light. 
With nitrate of silver it gives a precipitate having the colour of chromate 
of lead, and with lead-salts, a red, perfectly insoluble compound. In 
composition it corresponds to the hyposulphite B, b (Himly.) IT 

E. Iodo-aurate of Sodium. —The solution of teriodide of gold m 
aqueous iodide of sodium, obtained by digestion, yields highly deliquescent, 
strongly lustrous, black, four-sided prisms. (Johnston.) 

F. Bromo-aurate of Sodium. —Has the aspect and colour of the 
corresponding potassium-salt ,* appears not to effloresce ; dissolves slowly 
in water, forming a reddish yellow-brown solution. (BonsdorfF.) 

G. Chloro-aurate of Sodium • —Formed by evaporating to dryness 
the solution of 4 parts of gold m aqua-regia, dissolving the residue m 8 
parts of water, adding 1 part of common salt, evaporating the liquid 
down to 4 parts, and leaving it to crystallize by cooling If a large 
quantity of common salt be added, the excess crystallizes out sepaiately, 
if the quantity be smaller, free chloride of gold remains in the mothei- 
liquid. (Figuier, J. Pharm. 6, 84, 8, 157, also Bepert . 14, 169, JSchw , 
35, 342; P. Tr. 6, 2, 301; and 8, 218 )—Long, orange-yellow, four-sided 
prisms (Figuier); large rhombic prisms and tables (Berzelius & Johnston). 
Aurora-red, four-sided prisms, acuminated with four faces and again trun¬ 
cated ; or six-sided prisms (Bley, A r . Br. Arch. 22, 70.)—The crystals 
are permanent in the air. (Figuier.) They give off their water with diffi¬ 
culty; after two lioui^ careful heating, they lose only 1*12 per cent, of 
water; and to drive off all the water, strong and continued heating is 
required, m which case chlorine is likewise given off (Berzelius Sc John¬ 
ston.) At a red-heat, the salt gradually evolves chlorine, but a long-con¬ 
tinued heat is required to decompose the chloride of gold completely. 
(Figuier.) 


Anhydrous. 


NaCl 

58 6 

16*11 

Au 

199 0 

54*70 

3C1 

106 2 

29 19 

NaCl,AuCl 3 . .. 

363 8 

100 OO 
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Berzelius & 


Crystallized. Johnston, Thomson. Figuier. 


NaCl . 

58*6 

14*66 

14 47 

14 85 

14 1 

Au 

199 0 

. 49 78 

49 50 

49 51) 

69*3 

3 Cl 

106*2 

26 56 

26*50 

17 82/ 

4HQ . 

36 0 

9 00 

9*53 

17*82 

16 6 

NaCl, AuCl 3 + 4Aq. 399'S . 

100 00 

100 00 

100 00 

. 100 0 


By treating the salt with aqua-regia, according to the first process 
described on page 225, with reference to chloro-aurate of ammonium, a 
red salt is obtained of precisely corresponding character, excepting that 
the saline mass which remains on evaporation is not purple, but blood- 
red. (Johnston) 

H Aurate op Soda with Chloride of Sodium — Similar to the 
corresponding potassium-compound. Auric oxide likewise dissolves in a 
boiling solution of common salt in the same manner as in solution of 
chloride of potassium. (Pelletier ) 


Gold and Lithium. 

Chloro-aurate of Lithium — A solution of chloride of gold evapo¬ 
rated with chloiide of lithium, yields orange-yellow, four-sided needles. 
If the chloride of lithium contains chloride of potassium, chloro-aurate of 
potassium separates out first The crystals of the lithium-salt are highly 
deliquescent, become opaque at 100° from loss of water; and when heated 
over a spirit-lamp, are completely decomposed into chlorine gas and a 
mixture of gold and chloride of lithium. (Johnston.) 


Gold and Barium. 

A Aurate of Baryta. —When a normal solution of chloride of 
gold is mixed with baryta-water, a compound Is precipitated, containing 
a large proportion of auric oxide united with baryta, and a small quantity 
of hydrochloric acid, which latter snbstances cannot be extracted by 
water, but only by strong nitric acid, which must be afterwards diluted 
to separate the auric oxide (Pelletier ) 

B Hyposulphite of Aurous Oxide and Baryta 2— Analogous 
to the soda-salt B , a (p 251.) Slightly soluble m water, but insoluble 
in alcohol. When tieated with sulphuric acid, it yields an acid salt con¬ 
taining AuO, uncrystallizable, strongly acid, and slightly decomposible 
at ordinary temperatures ('Fordos & Gelis ) 

C Iodo-aurate of Barium — Teriodide of gold dissolves in iodide 
of barium, forming a red-biown solution 

D Bromo-aurate of Barium. —Red-brown prisms, permanent in 
the air. (Bonsdorff.) 

E. Chloro-aurate of Barium. —Yellow, rhombic prisms, shortened 
into tables Fig. 61, u' : w=105°. Permanent in dry air, deliquescent 
in moist air. (Bonsdorff) 
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E. Aurate op Baryta with Chloride of Barium ^—When a solu¬ 
tion of chloride of gold is precipitated by excess of baryta, there remains 
a colourless liquid, which, when evapoiated in the air, deposits a violet 
mixture of auric oxide and carbonate of baryta. (Pelletier )—Gold- 
solution previously mixed with a sufficient quantity of chloride of barium, 
gives no precipitate with baryta-water (Oberkampf.) Auric oxide 
dissolves in a boiling solution of chloride of barium, m the same mannei 
as in chloride of potassium (Pelletier ) 

When sulphate of baryta is precipitated by sulphuric acid from a 
gold-solution mixed with chloride of barium, all the auric oxide goes down 
with it. (Berzelius, Ann Chim Phys 14, 376.) 


Gold and Strontium. 

A. Iodo-aurate of Strontium. —Aqueous iodide of strontium 
dissolves teriodide of gold, forming a red-brown liquid (Johnston.) 

B Chloro-aurate of Strontium. —Yellow rhombic prisms perma¬ 
nent in the air. (BonsdorfF ) 

C- Aurate of Strontia with Chloride of Strontium.— A solution 
of chloride of gold mixed with a sufficient quantity of chloride of stron¬ 
tium is no longer precipitable by strontia-water. (Oberkampf.) 


Gold and Calcium. 


A. Chloro-aurate of Calcium.— Long rhombic prisms united in 

radiating masses, permanent in dry air, deliquescent in ordinary air 
(Bonsdorff.) J 

Anhydrous. Crystallized. Bonsdorff. 

CaCl . .. 55 4 15*36 CaCl , 55 4 ]3 36 33 70 

An Cl 3 .. 305 2 84 04 AuCl 3 305 2 73 61 71 ;>3 

__6HO 54 0 13 03 14 77 

~CaCl,AuCl 3 360 6 . 100 00 + 6Aq 414 6 100 00 IQO’00 

B. Aurate of Lime with Chloride of Calcium.-— Analogous to the 
strontium-compound. 


Gold and Magnesium. 

A Aurate of Magnesia —Magnesia heated with the normal solu¬ 
tion of chloride of gold, throws down aurate of magnesia. If the majr 
nesia is not m excess, the precipitate contains hydrated auric oxide 
magnesia, and chloride of gold. If the magnesia is m excess, a portion 
of the superabundant quantity likewise mixes with the precipitate. 
Nitric acid dissolves out the magnesia, leaving a residue of hydrated or 
anhydrous auric oxide, accordingly as the acid is dilute or concentrated 
(Pelletier.) 

B. Bromo-aurate of Magnesium.— Dark brown rhombic prisms, 
slightly translucent, and exhibiting a reddish tint by transmitted lio-ht: 
they are permanent in dry, but deliquesce in moist air. (Bonsdorff.) ° 
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C. Chloro-atjrate op Magnesium. —Short rhombic prisms of a 
lemon-yellow colour. (Fig. 61) v! : ^=108°. When gently heated, they 
give off their water of crystallization, and fuse into a dark brown liquid 
which gives off chlorine, and finally dries up Permanent m a dry winter 
air, but deliquescent in summer air. (Bonsdorff ) 

Anhydrous. Crystallized. Bonsdorff. 

MgCl „„ 47*4 .... 13*44 MgCl .. 47 4 . 10 29 11 0 

AuCl 3 . 305*2 . 86 56 AuCi 3 , 305 2 f 66*26 64*5 

12HO 168 0 .. 23 45 24 5 

MgCljAuCl 3 352 6 100 00 + 12Aq . 460*6 100 00 .. ~ 100 o' 

D Aurate op Magnesia with Chloride of Magnesium $—When 
a hot solution of chloride of gold has been precipitated by excess of mag¬ 
nesia, there remains a colourless liquid, which contains a small quantity 
of auric oxide, and turns yellow when mixed with hydrochloric acid, 
(Pelletier.) 


Gold and Silicium. 

Glass-flux coloured by Gold. — Ruby-glass. —Finely-divided me¬ 
tallic gold, chloride of gold, fulminating gold, the precipitate thrown 
down from a solution of the chloride by potash or soluble glass, the purple 
of Cassius, &c , fused at a continued gentle heat, with a glass containing 
oxide of lead, impart to it, according to circumstances, a yellow or a 
purple-red colour. 

As the theory of ruby-glass is at present involved in great obscurity, 
some supposing it to contain the yet undetermined red oxide of gold, 
while others, with less probability, suppose it to contain very finely 
divided metallic gold, it will be sufficient to collect together the more 
important observations relating to its preparation and properties 

A glass-flux is prepared from 5 parts of quartz-powder, 8 of red-lead, 
1 of carbonate of potash, and 1 of nitre; it is then poured out of the 
pots mto water and beaten. One pound of this flux is mixed with 3 loth 
(6 oz ) of crystallized borgx, 45 grains of stannic oxide (this is essentially 
necessary), 45 grains of antimomc oxide (which is superfluous), and a 
solution of of a ducat in aqua-regia. This mixture is fused for 12 
hours (or for a shorter time) at a very gentle heat, the glass-pot left to 
cool in the annealing furnace, and broken to pieces when cold: the pro¬ 
duct thus obtained is crude ruby-glass having the colour of topaz This 
substance, when gently heated—contact of smoke not being at all 
necessary, but rather prejudicial—gradually assumes a red colour through¬ 
out its mass, this reddening takes place even during the shaping of the 
glass in the working aperture. When ruby-glass which has been red¬ 
dened by heat is fused, it completely loses its purple colour, and becomes 
marked with liver-coloured spots, which are nothing more than reduced 
gold in a fine state of division. If the glass is deficient m stannic oxide, 
which should amount to at least 30 grains for of a ducat, the red colour 
produced is fainter, and liver-coloured spots are formed. (Fuss, J. yr. 
Ckem. 7, 417 ) 

Purple of Cassius mixed and fused with borax, white glass, or lead- 
glass, remains within it unaltered, till the temperature reaches the melting 
point of gold, at which point globules of gold separate from it, and collect 
at the bottom of the crucible. At a stronger heat, the glass acquires a 
yellow colour, when still more strongly heated, it gradually becomes 
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brownish-yellow, green, and bluish-green; and when exposed for eight 
hours to a yet higher temperature in a strongly drawing air-furnace, it 
becomes orange-coloured, aurora-red, and purple. After slow cooling, 
the mass is colourless or yellow, but becomes purple or violet when 
heated till it softens.—In the glass-works, the purple of Cassius is 
fused with a flux into the form of a turbid, yellow glass, which is 
then added to the mass of glass to be coloured, and the fused product 
poured out into water, whereby a topaz-yellow glass is obtained, 
penetrated with brilliant grannies of gold. This fusion and pouring 
out into water is repeated fiom four to six times, till the glass ac¬ 
quires a purple-red colour, and no longer exhibits globules of gold 
The gold which separates at the beginning of the fusion is therefore 
gradually taken up by the glass, and imparts to it a yellow colour when 
in small, and a red colour when in laiger quantity.—The stannic oxide is 
quite superfluous; metallic gold, chloride of gold, or fulminating gold, 
yields the same colours with glass [free from tin G] and indifferently with 
or without the contact of air and oxidizing agents. Everything depends 
on the strength and duration of the heat The violet purple of Cassius, 
which contains more stannic oxide than the red, does not directly form a 
violet glass. Part of the stannic oxide is ieduced to the state of metal, 
which sinks to the bottom, and another portion forms an enamel which 
partly rises m the form of scum, and is partly deposited on the sides of 
the crucible. The stronger the heat, the smaller is the quantity of reduced 
tin, and the greater the quantity of enamel obtained. Class saturated 
with gold is opaque and yellow, and by itself is incapable of assuming 
any other colour. It requires to he fused at a continued strong heat with 
a larger quantity of crystal-glass, the mixture thus obtained is yellow, 
paler in colour the larger the quantity of crystal-glass added; it is some¬ 
times even colourless. At the softening temperature, the yellow glass 
assumes a carmine-red, the colourless glass a wine-red colour. Class 
which has been reddened by the softening heat becomes colourless when 
heated to the melting point. When again heated to the softening point, 
it becomes violet, and if these alternations be continued, the glass being 
first softened at a gentle heat and then fused,'% finally becomes blue at 
the softening temperature. At length, however, it becomes colourless 
when fused, and no longer acquires a blue colour at the softening heat, 
unless it be ignited very strongly and for a very long time, in order to 
diffuse the gold uniformly through it. (Golfier; Besseyre, Ann . Ckim. 
Phys . 54, 48.) 

Any gold-precipitate fused in the glass-furnace with soft crystal-glass, 
yields a transparent and colourless glass, pieces of which, when heated to 
redness in a retort, and therefore out of contact of all reducing agents, 
acquire a purple-red colour (Proust, N Gehl 1, 504.) 

IF Among the various explanations which have been suggested for 
the red colouring imparted by heat to colourless auriferous glass, the 
most probable, according to H. Rose (Fogg. 72, 556), is, that the colour¬ 
less glass contains a silicate of aurous oxide, which requires a high tem¬ 
perature to produce it, and can bear that temperature without decom¬ 
position , but that when it is heated to a lower temperature, part of the 
aurous oxide separates out, and produces the colour; and finally, at a 
stronger heat, the separated aurous oxide is reduced, and the glass thereby 
rendered liver-coloured and opaque Glass coloured by cuprous oxide 
exhibits precisely similar characters. V 
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Gold and Tungsten - . 

A Alloy op Gold and Tungsten. —Yellow; very refractoiy. 
(De Luyart) 

B. Auric Sulphotungstate —AuS 3 , 3WS 3 —Sulphotungstate of 
potassium forms with, solution of chloride of gold a transparent, dark- 
brown mixture, which, when exposed to the air for a few days, forms a 
translucent precipitate, which blackens on being collected* (Berzelius ) 

Gold and Molybdenum. 

A. Alloy op Gold and Molybdenum.—2 parts of gold and 1 part 
of molybdenum form a black, brittle globule. (Hielm.) 

B. Molybdate op Auric Oxide, or Auric Molybdate. —Molybdate 
of potash added to a solution of chloride of gold, forms an orpiment- 
coloured precipitate, which is soluble in hydrochloric or nitric acid, and 
sparingly in water. (Richter.) 

C Auric Sulphomolybdate. — AuS 3 ,3MoSl— The mixture of a 
normal solution of chloride of gold and sulphomolybdate of potassium, 
deposits, in the course of an hour, a dark brown powder, which becomes 
black on drying (Berzelius, Fogg. 7, 277.) 

D Auric Persulphomolybdate.— AuS 3 ,3MoS 4 . — The precipitate 
formed by persulphomolybdate of potassium in a normal solution of 
chloride of gold, is of a daik brown colour. In drying, it undergoes 
partial decomposition, becoming yellow, and assuming somewhat of the 
metallic lustre; if it be then ignited m a retort, it gives off sulphur and 
becomes darker; and when subsequently heated in the air, burns away, 
evolving sulphurous acid, and forming a golden-yellow mixture of gold 
and molybdic acid, which sublimes at a stronger heat, and leaves the gold 
behind it. (Berzelius.) 

Chromate of potash produces no precipitate m a solution of chloride of gold. 
(Thomson ) 

Gold and Manganese. 

A. Alloy of Gold and Manganese. —By igniting gold with peroxide 
of manganese in a crucible lined with charcoal, a pale yellow, very hard 
alloy is formed, which is less fusible than gold, may be hammered flat to 
a slight extent before it breaks, has a coarse spongy fracture, and contains 
between -J- and L of manganese, which does not oxidate in the air till the 
alloy is fused. (Hatchett.) 

B. Bromo-aurate of Manganese— Bark brown, rhombic prisms, 
slightly translucent, with a reddish colour, and deliquescing rapidly in 
moist air. (Bonsdorff.) 

C. Ciiloro-aurate of Manganese. —Yellow rhombic prisms, pro¬ 
bably isomorphous with the magnesium-salt, permanent in dry winter air, 
but deliquescing m a summer atmosphere (Bonsdorff.) 

Peimangaiiute ot potash foirns no precipitate with ehlonde of gold (Fiomhei? ) 
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Gold and Arsenic. 

A. Arsenide of Gold —-Red-hot gold, exposed to the vapours of 
arsenic, fuses into a grey, brittle alloy, which is coarse-grained, easily 
fusible, and does not give off all its arsenic even when fused for two hours 
in an open crucible. (Hatchett.) 

Arsemate of soda forms a yellowish white precipitate with solution of chloride of 
gold, on the application of heat (Thomson.) 

B. Auric Sulpharsenite —The precipitate, which is yellow at first, 
but afterwards turns black, yields, when triturated after drying, a dark, 
yellowish brown powder; fuses readily in a retort, gives off a small 
quantity of oipnnent at a dull red heat, but nevertheless remains liquid, 
and solidifies, on cooling, into a transparent, dark reddish yellow mass, 
which yields a dark brown powder, and is resolved at a white heat into 
volatile sulphide of arsenic and a residue of gold. (Berzelius ) The 
powder, when triturated for some time under watei, assumes the lustxe 
and colour of gold, although nothing is taken up by the water. (Ber¬ 
zelius.) 

C Auric Sulpharseniate — a. AuS 3 ,AsS 5 .—Formed by precipi¬ 
tating a solution of gold with terbasic sulpharseniate of sodium. Dark 
brown precipitate, soluble in pure water. Green vitriol decolorizes the 
solution, and throws down a yellowish brown substance .—b 2 AuS 3 ,3AsS 5 . 
By precipitation witli2NaS, AsS 5 .—Forms a red-brown solution in water. 
(Berzelius.) 

Gold and Antimony. 

Antimonide of Gold. —Gold is easily fused with antimony; it like¬ 
wise readily combines at a red heat with vapour of antimony —An alloy 
of 9 parts of gold and 1 part of antimony is white, very brittle, and 
exhibits a fracture like that of porcelain. Gold loses its malleability by 
combination even with - r g -— 0 - of antimony. (Hatchett.) The antimony 
oxidizes and volatilizes, when the alloy is kept for some time m the fused 
state m contact with the air. 

Gold and Tellurium. 

A. Telluride of Gold — 1 . Precipitated on mixing a solution of 
chloride of gold with hydrotellunc acid or telluride of potassium.— 
2 Remains behind when B is heated. (Berzelius ) 

Monotellurate of potash gives no piecipitate with chloro-aurate of 
potassium (Berzelius.) 

B. Auric Sulphotelluri te —AuS 3 ,TeS 2 .—A mixture of gold-solu¬ 
tion and sulphotellunte of potassium is deep brown, opaque, and, after a 
few days, deposits the greater part of the compound m black voluminous 
Makes. The compound, when distilled, gives off dark-coloured sulphur, 
and leaves grey, brittle, easily fusible telluride of gold. (Berzelius ) 


Gold and Bismuth. 

Alloy of Gold aNd Bismuth.— 11 parts of gold form with 1 part of 
bismuth, a greenish yellow, very brittle compound, having a fine-grained 
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hectare, and a density of 18 038, consequently exhibiting condensation. 
Gold is rendered brittle by an admixture of - r g j o of bismuth. (Hatchett ) 

A native alloy of gold and bismuth, having a small quantity of 
mercury adhering to it, has been found among the washed gold from the 
works in Rutherford County, North America. It is in the form of small 
grains, having* the colour of palladium Sp gr from 12*4 to 12 9. 
Hardness 2*5 to 3, malleable, but ultimately becomes brittle. Structure 
[fracture ?] indented. Fuses into a bead before the blowpipe, and crys¬ 
tallizes on cooling. When cupelled before the blowpipe, it yields a white 
fume, a yellow deposit, and a button of gold of about half the original 
size (Shepard, Sill Am J. [2], 4, 280.) Shepard regards this alloy as 
a furnace product; hut Gibbon and Clingman consider it to he native, 
inasmuch as bismuth is of frequent occurrence in the southern States of 
North America. *[ 


Gold and Zinc. 

A. Allot op Gold and Zinc.— a. 60 pts. gold to 1 zinc: Brittle.— 
5. 11 gold to 1 zinc: Pal? greenish yellow, brittle, of sp- gr- 16 937 j 
hence there is condensation. (Hatchett.)—c. 1 pt. gold to 1 zinc* Very 
white and hard ; capable of polish; does not oxidate readily in the air. 
(Hellat.)— d. 1 pt. gold to 2 zinc : Whiter than zinc; brittle, fine¬ 
grained. (Gehlen )— e. 1 pt. gold to 7 zinc: According to Hellot, this 
alloy volatilizes completely at a strong heat. 

B. Bromo-auRate of Zinc. —Dark brown-red prisms, which deli¬ 
quesce rapidly even in rather dry air. (Bonsdorff ) 

C. Chloro-aurate of Zinc —The crystals, which are permanent in 
the air, have the same form and colour as those of chloro-aurate of 
magnesium. (Bonsdorff.) 


Gold and Cadmium. 

Chloro-aurate of Cadmium. —Deep-yellow needles, permanent in 
the air. (Bonsdorff.) 

A. Allot of Gold and Tin.— Small quantities of tin impair the 
ductility of gold, but do not render it brittle 11 parts of gold and 1 part 
of tin form a very pale yellow, slightly malleable alloy, having a fine¬ 
grained fracture, and a specific gravity of 17 307, and therefore exhibiting 
condensation The separation of the two metals is very difficult, hut is 
best effected by fusion with sulphide of antimony (Hatchett.) When 
solutions of chloride of gold and protochloride of tin are mixed, both 
being concentrated and the latter in excess, an alloy of gold and tm is 
precipitated m the form of a black-brown powder, which acquires the 
metallic lustre and a pale yellow colour under the burnishmg-steel, and 
when melted yields a w bite, brittle globule (Berzelius ) 

B. Stannate of Aurous Oxide. — Gold-purple, Furple of Cassius , 
Furpura miner alls Cassiu 

Formation „ 1. By mixing a solution of chloride of gold with the 

solution of a stannous salt.—Pure protochloride of tin forms with chloride 
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of gold ; when tolerably concentrated, a brown precipitate, consisting of 
an alloy of the two metals, it is only m case of very great dilution that 
tbe purple is produced. (Berzelius )—A very dilute solution of proto¬ 
chloride of tin likewise forms with gold-solution, not the purple, but a 
black-brown opaque mixture, probably containing an alloy of tin and 
gold, but this mixture, when kept in an open vessel, turns red from 
above downwards, and slowly deposits a very line purple, which, how¬ 
ever, is not always soluble in ammonia. (Fuchs.)—The brown powder is 
formed only with an excess of tin-solution: when the gold solution is in 
excess, pure gold is precipitated. (Oberkampf.)—When both liquids are 
as neutral as possible, or when the chloride of tin is in excess, metallic 
gold is precipitated, exhibiting a brown, blue, or green colour; and on 
heating this precipitate with excess of gold-solution, it is slowly converted 
into purple of Cassius, if, however, nitric acid be present, the purple 
may be produced by its oxidizing action. (Buisson.) The colour of the 
purple is bright red when a small quantity of tin-solution is used, and 
violet when the quantity of the latter is larger. (Oberkampf.) It is 
violet when an excess of bichloride of tin is present. (Buisson ) If the 
tm-solution contains more protoxide than bioxide of tin, or if it is not 
sufficiently diluted, a dark-coloured, nearly black precipitate is produced, 
which also dissolves in ammonia while yet moist, but forms a perfectly 
brown solution; after drying, it is black, gives off water when ignited, 
and leaves a brick-red mixture of gold and stannic oxide. (Berzelius.)— 
If the solution of protochloride of tin contains a very large excess of acid, 
metallic gold is precipitated instead of the purple.—Stannous sulphate 
likewise forms the purple with gold-solution (Proust), but only after a 
considerable time (Sarzeau).—Stannous nitrate yields, under all circum¬ 
stances, even with concentrated solutions, a beautiful purple (Fischer, 
Sckw. 56, 363.)—Metallic tin, tin-foil, for example, likewise throws down 
purple of Cassius from an acid solution of chloride of gold —Bichloride of 
tin gives no precipitate with gold-solution (Pronst ) Potash added to 
the mixture forms a brown piecipitate, which letams its colour when dry, 
v hen heated under the liquid, it is converted into a buck-red mixture of 
gold, tin, and stannic oxide, which exhibits a conclioiclal fiacture when dry 
(Berzelius ^—The purple of Cassius is not formed by pouiing a solution 
of bichloride of tin on protochloride of gold (Sehweigger-Seidel, Sclav. 
62, 265 ) 

2. By pouring a solution of chloride of gold on hydrated sesquioxide 
of tin. If the action be too long continued, tbe purple decomposes again, 
especially if tbe gold-solution is not dilute, part of the gold being reduced 
to the metallic state, and the rest dissolving in the form of auric oxide, 
together with the stannic oxide, m the hydrochloric acid (Fuchs, Kastn . 
Arch. 23, 368.) 

3. By boiling protoxide of gold with aqueous stannate of potash 
(Figuier.) 

4. By the action of oxidizing agents on metallic alloys containing 
gold and tin. When an alloy of 500 pts. silver, 1 gold, and 25 tin is 
dissolved in nitric acid, 32*5 pts. of a pale red gold-purple are formed, in 
consequence of the excess of stannic oxide. Formation of purple likewise 
takes place when auriferous silver is dissolved in gently heated nitric 
acid, and metallic tin is added during the solution stannic oxide has no 
action. Alloys of gold with tin, or with tin and zinc together, yield the 
purple when dissolved m nitric acid, the colour being particularly fine in 
the case of the alloy of tin and zinc, on dissolving these alloys in hydro- 
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chloric acid, on the contrary, metallic gold separates out. (Mercadieu, 
Ann. Ghim. Phys. 34, 14?; also iV. Tr. 15, 2, 30) An alloy of 1500 
pts. silver, 200 gold, and 350 5 tin (fused together under borax to prevent 
all oxidation of the tin) yields, by solution in nitric acid, a quantity of 
gold-purple, which weighs 701 parts when dried at 100°, and at a red 
heat gives off 53 parts of water, with a trace of hyponitric acid. Hence 
the composition calculated further on. The gold-purple thus obtained 
from alloys by nitric acid appears homogeneous, but is denser than the 
ordinary variety, its density being greater, the smaller the quantity of 
silver that was present in the alloy, it is likewise insoluble in ammonia. 
(Gay-Lussac, Ann. Ghim. Phys 34, 396.) 100 parts of filings of an 

alloy of 1 part of gold and 99 of copper, intimately mixed with 3*5 parts 
of tin, yields no purple with nitric acid, and a very dingy product with 
boiling oil of vitriol. An intimate mixture of tin, gold, and a large 
quantity of silver, or of 2 pts. gold, 7 tm, and 900 sugar oi phosphate of 
lime, yields no purple when treated with nitric acid. Neither is the 
purple produced by heating auriferous copper with a solution of tm in 
boiling oil of vitriol, whereby the copper is dissolved, and the gold 
separated in the metallic state. (Sarzeau.) Some very much corroded 
coins of the Roman empire dug out of the ground in France, yield cupric 
oxide to aqueous ammonia when triturated with that liquid; the undis- 
solved portion consists of two powders of different densities, which may 
be separated by levigation. The lighter powder, which has a dmgy red 
colour, is a mixture of silver spangles and purple of Cassius (containing 
metallic gold and tm), which assumes a purple-red colour after the silver 
has been dissolved out by nitric acid, but the colour is often dingy from 
admixture of sulphide of silver. When the filings of the better preserved 
coins are repeatedly moistened with acetic acid and exposed to the air, 
and the resulting cupric acetate dissolved out by watei, there likewise 
remains a mixture of silver-spangles and gold-purple, which, when freed 
by nitric acid from silver, and by hydrochloric acid from the iron of the 
file, exhibits a fine colour. (Sarzeau, A r . J. Pharm . 3, 373.) 

Preparation —1 . By mixing aqueous sesquicbloride of iron with 
aqueous protochloride of tin till the yellow colour is conveited into pale 
green, and precipitating the gold-solution with the mixture thus formed 
(Fuchs, J. pr Ghem. 5, SI8 ) This process yields the finest purple; the 
protochloride of iron contained in the liquid does not affect the product. 
(Fuchs ) One part of the Liquor fern mumatici of the Phaimac Boi . is 
mixed with 3 parts of watei, and a solution of 1 pt tm-salt m 6 pts. 
water added, till the mixture acquires a greenish tint, after which 6 pts. 
more of water are added. (If the water were added at first, the change 
of the brownish into the greenish tint could not be so well obseived.) On 
the other band, gold is dissolved in boiling hydrochloric acid, with 
gradual addition of nitric acid—care being taken, however, to avoid as 
much as possible an excess of acid, especially of the nitric acid, the 
solution is diluted so far that 360 parts of the liquid contain 1 part of 
gold; and the tin-solution is then added, with constant stirring, as long as 
a precipitate is produced. By this process, 100 parts of gold yield 360 
parts of dried purple, soluble in ammonia, and capable of imparting a 
strong colour to glass. If the gold-solution contains only 1 part of gold 
in 450, instead of 360 parts of the liquid, a good purple is likewise 
obtained at temperatures between 30° and 35°; but at ordinary tempera¬ 
tures, it is not deposited; and on heating the liquid to the boiling point, it 
VOL. VI, R 
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Mis down in red-brown flakes, wbicli are not soluble m ammonia, and im¬ 
part but a slight colour to glass (Capaun, J. pr Ghem 22, 152.)—2 Ten 
parts of pink-salt (V, 04) aie heated with 1 07 tin-foil and 40 water, till 
the tm is dissolved, after which 140 parts of water are added: 

3(NH 4 Cl,SnCl 2 ) + Sn = 3NH 4 C1 + 2SirCl 3 

On the other hand, 1 34 pt. gold is dissolved in aqua-regia, the acid not 
being in excess, and a quantity of water is added, sufficient to bring the 
mixture up to 4S0 paits Finally, the former solution is added to the 
latter slightly warmed, as long as a precipitate is produced. The purple, 
which is quickly deposited, weighs 4 02 parts, after washing and drying 
at 100°, the filtrate has a very pale red colour (Bolley, Ann Pharm. 
39, 244 )—3. a A neutial solution is prepared of 1 part of tin in hydro- 
chlouc acid, b a solution of 2 pts. tm m cold mtro-hydrochlonc acid 
(1 pt. hydiochloric acid to S nitric), the liquid being merely heated, if 
necessary, toward© the end cf the process, so that the solution may not 
contain any protoxide of tm, and therefore may not precipitate the gold- 
solution ; c 7 parts of gold aie dissolved m nitro-hydiochloric acid 
(6 hydiochloric to 1 nitric), and the solution, which is toleiably neutral, 
diluted with 3 500 parts of water To this solution c the solution b is 
fust added, and then the solution a j diop by drop, till the right colom is 
produced It the quantity of a be too small, the precipitate is violet, if 
too large, it is brown. It must be washed quickly, so that the liquid may 
not act too long upon it If the precipitate will not settle down, the mix- 
tuie must be slowly poured into a glass of water, so that it may sink to 
the bottom, and tbe two liquids may mix but slowly (Buisson, J . Pham 
Id, 629 ) The purple thus obtained weighs only 6 2 pts , it dissolves m 
ammonia while fresh, but imparts a scarcely perceptible colour to glass- 
fluxes, the filtrate is red, but deposits no more purple on the further 
addition of protochloride of tm. (Capaun) —Lentin (, Scker . J. 3, 30) 
drops fuming nitric acid into aqueous protocbloride of tm, till a sample of 
the mixture forms a fine purple with the gold-solution, and then mixes 
the liquids —4. To obtain a blue precipitate, a solution (a) as neutral as 
possible, of 3 grammes of tm in hydrochlonc acid, is prepared out of con¬ 
tact of air, and ( b ) a solution as neutral a 5 * possible of 3 grammes of gold 
in aqua-regia, each of these solutions is diluted with a litie of water; 
10 measures of solution a are heated to between 50° and 60 J with 3 mea¬ 
sures of nitric acul, 1 measure of b is then added, and immediately after¬ 
wards water, with agitation. The indigo-blue precipitate (or violet, if 
sufficient watei has not been added), must be quickly washed by decanta¬ 
tion, as, if left for any length of tune under the liquid m an open vessel, 
it changes colour fiist to violet and then to purple. (Golfier Be&seyre, 
Ann ChtTii. Pltys. 54, 40, also J.pr. Chem, 20, 65 ) 

Properties .—In the moist state, dark purple-red (dark blown, acconl- 
ing to Berzelius). Brown after diymg. (Capaun, Bolley ) 

Obeihampf 

Proust. Beizphus Buisson. Gav-I ussac. violet pin} ,V 
An 24 2* 2 28 o 28 33 39 82 70 42 

76 64 6 .. 65 9 b3 56 60*18 20 38 

HO 7*6 7 56 

_ci_.__ 5 2 KO'tiace. _ 

99 8 99 6 . 99 65 100 00 100 00 

The purple examined by Proust was obtained with gold-solution and 
aqueous protocbloride of tin, and well dried, that examined by Berzelius 
was obtained with very weak solutions of terchloride of sold and proto- 
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chloride of tin. Buisson’s purple was prepared by (3); if the tin-solution 
contains too much nitric acid, basic nitrate of stannic oxide is precipitated, 
instead of the stannic oxychloride Buisson does not appear to have 
looked for water, and his amount of chlorine is doubtful, since, according 
to Berzelius, the purple neither gives off hydrochloric acid nor chloride of 
tin when ignited. Gay-Lussac’s purple is the product obtained from the 
alloy of gold and tin by the action of nitric acid, and dried at 100°. 
Gherkanipf’s violet purple was obtained by precipitating the gold-solu¬ 
tion with excess of tin-solution, m the preparation of his purple product, 
the gold-solution was m excess The analyses are partly incorrect, for 
this reason, that if an excess of stannic salt is present, an excess of stannic 
oxide is precipitated, and if the stannous salt is in excess, the brown alloy 
of gold and tin mixes with the precipitate. 

The following are the principal theories which have been put forward 
regarding the composition of gold-puiplc.—I It contains metallic gold 
unth hydrated stannic oxide (or, according to Buisson, with stannic oxy¬ 
chloride).'—1. The two substances are mechanically mixed, the very 
finely divided gold is the colouring principle, and the stannic oxide 
assists by its interposition the development of the colour, in the same 
manner as alum m the colours called lakes . (Buisson, Sarzeau.) [In that 
case, an excess of stannic oxide would merely weaken the purple colour, 
but could not change it into violet; moreover, in lakes, the alum is 
chemically combined with the colouring principle ]— 2. The gold is 
chemically combined with tbe stannic oxide. (Proust) Gay-Lussac 
likewise supposes a combination by affinity, or at least by intimate 
adhesion —II The puipie of Cassius contains oxidized gold. This view 
is the more piobable of the two.—1 It contains pxotoxide of gold. Pur¬ 
ple of Cassius, freed by potash fiom excess of stannic oxide, has the com¬ 
position* AuO,3SnO“-f- 4Aq (see Calculation a). This is exactly the 
composition of the gold-purple obtained by boiling protoxide of gold 
with stannate of potash, or by immersing tm-foil m the solution of chlo¬ 
ride of gold, and the gold-purple analyzed by Berzelius contains exactly 
tbe double quantity of stannic acid = AuO, 6Sn0 2 4- 7Aq (Figuier.) 
[6Aq. is neaier; vide Calculation 6; but Figuier’s view is in opposition to 
the observation made by Berzelius, that the purple gives off no oxygen 
when ignited ] Schweigg^r-Seidel ( Schw 65, 265) regards the purple of 
Cassius as stannate of aurous oxide and stannous oxide = Sn0,3Sn0 2 -{- 
Au0,2Sn0 2 + 6Aq —2 The purple of Cassius contains a purple oxide of 
gold = AuO 2 , intermediate between the protoxide and teroxide. (Ber¬ 
zelius, Fuchs, Desmarest.) It is composed of Au0 2 ,2Sn 2 0 3 [perhaps also 
with 4 At. water" see Calculation cj. Thh foimula agrees with Ober- 
kampf’s analyses of the violet gold-purple (Berzelius.) [But this is not 
the true gold-puijde.] Its formula is: 2(Sn0,Sn0 2 ) -b Au0 2 ,2Sn0 2 + 6Aq. 
(Calculation d). Fuchs (Fogg. 27, 634). The formation of gold-purple 
from a mixtuie of hydrochlorate of auric oxide and hydrochlorate of 
sesquioxide of tm would accordingly take place as follows : 

AuO s ,3HCl + 3(Sn 2 O s ,3HCl) = [2(SnO,Sn0 3 ) + Au0 3 ,2Sn0 2 ] + 12HCI. 


Calculations according to the pi seeding hypotheses 



At. 

Figuier, a. 

At. 

Figuier, b. 

At 

Berzelius, e. 

At. 

Fuchs, d. 

An 

1 

199 

42 51 

1 

199 

27*99 

1 

199 

37 20 

1 

199 

28 31 

Sn 

3 

177 

. 37 82 

6 

354 

49 79 

4 

236 

, 44*11 

6 

354. 

50* I 35 

O 

7 

56 

. 11*97 

13 

104 

14 62 

8 

64 

11 96 

12 

. 96 

13*66 

HO 

4 

36 

7 70 

6 

54 

7 60 

4 

. 36 

6*73 

6 

54 

7*68 



468 

. lOO'OO 

.. 

711 . 

, 100*00. 

. . 

, 535 . 

100*00. 


.703 

100*00 
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Decompositions .—Purple of Cassius retains its water when heated 
above 100°, hut gives it up at a red heat, without at the same time 
emitting any permanent gas, and acquires a brick-red colour. (Berzelius.) 
Aqua-regia dissolves out the gold from the ignited residue, leaving white 
stannic oxide. (Proust, Beizelius.) Hydrochloric acid has no action upon 
it. (Berzelius.) Berzelius regards ignited gold-purple as a fnixtuie of gold 
and stannic oxide, inasmuch as, at a red heat, the red oxide of gold gives 
up its oxygen to the sesquioxide of tin, and forms bioxide of tin; for an 
intimate mixture of oxide of gold with a large quantity of sulphate of 
potash likewise forms, when ignited, a red powder, from which water 
extracts the salt, and leaves metallic gold According to Fuchs, the 
ignited purple is only to he regarded as de-hydrated, for mercury does 
not dissolve gold from it, the affinity of the stannic acid for the red 
oxide of gold prevents the decomposition. Gold-purple fused with nitre 
yields stannate of potash and a white globule of an alloy of gold and tin 
(Berzelius ) It is but slightly altered by led-hot fusion with bisulphate 
of potash. It likewise remains unaltered when fused with carbonate of 
potash, and does not expel carbonic acid from that salt. (Berzelius ) 
[This fact is in favour of Fuchs’s theory, that ignited gold-purple still con¬ 
tains stannic acid m the combined state ] Gold-purple is blackened by 
protochloride of tin and othei deoxidizing liquids. (Desmarest, J. Pharm 
17, 219.) Aqua-regia extracts from the unignited purple all the gold, 
together with a small quantity of tin, leaving the greater part of the 
stannic oxide undissolved. (Proust) This liquid dissolves the purple 
easily, at first with a violet colour. (Buisson ) Hydrochloric acid acts 
upon it slowly, dissolving up all the tin, after long boiling, m the form of 
bioxide, free from protoxide, and leaving all the gold in the metallic 
state. (Proust, Fuchs) [This action favours the views of Fuchs and 
Berzelius, and is against that of Figuier]. Boiling nitric acid brightens 
the colour of recently prepared gold-purple, and dissolves out some of the 
stannic oxide, together with a small quantity of auric oxide. (Proust) 
Boiling dilute sulphuric acid likewise heightens the colour, and extracts a 
small quantity of stannic oxide (Proust.) The purple while moist is not 
decomposed by long boiling with, water, merely falling more quickly to 
the bottom (Robiquet.) Boiling potash has likewise no action on the 
moist purple. (Beizelius ) It dissolves out the excess of stannic oxide. 
(Figuier.) Mercury does not extract gold from recently prepared gold- 
puiple (Proust) ,* not even with the aid of heat or sunshine, neither does 
it dissolve gold out of the ignited purple. (Fuchs) At temperatures 
between KMT and 150°, it dissolves out all the gold from the dried and 
pulverized purple, and leaves stannic oxide (Buisson ) At this tempera¬ 
ture, the mercury may exert a reducing action on the red oxide of gold. 
(Berzelius.) Gold-purple fused with 4 parts of lead-oxide and 1 part of 
borax, yields a violet glass on the addition of a large quantity of boracic 
acid, and a red glass on the addition of a large quantity ot hydrate of 
potash. 

Gold-purple, while yet moist, dissolves in aqueous ammonia, forming 
a deep purple-red liquid, from which the purple separates both on 
evaporation and on the addition of acids, but not on dilution with water, 
unless the quantity dissolved is excessive. (Proust.) After drying, the 
purple is no longer soluble. (Berzelius) The solubility of the moist 
purple is also destroyed by allowing it to freeze. (Fuchs) The purple 
obtained by treating the hydrated sesquioxide of tin with solution of 
chloride of gold (Fuchs), and that produced on dissolving an alloy of 
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gold, silver, and tin in nitric acid (Gay-Lussac), are not soluble in 
ammonia, even while moist, the insolubility probably arising from their 
greater density.—The solution, when not completely saturated, is quite 
clear, but a perfectly saturated solution, though it appears clear by 
transmitted light, nevertheless exhibits some degree of turbidity when 
viewed by reflected light The solution, when left m the dark for some 
weeks, becomes decolorized from above downwards, while gelatinous gold- 
purple, mixed with metallic gold, falls to the bottom; on agitation, a red 
liquid is again obtained—which, however, quickly deposits the purple 
again—and after a while, metallic gold is precipitated, the quantity con¬ 
tinually increasing* When the ammomacal solution is kept in a stop¬ 
pered bottle at temperatures between 60° and 80°, the purple is more 
quickly deposited, and is not re-dissolved on agitation. On evaporating 
the solution at a gentle heat, the purple separates m the form of a jelly, 
no longer soluble in ammonia, but otherwise unaltered. (Beizelius, 
Lehrbuch) The ammomacal solution of gold-purple turns violet when 
exposed to light, and gradually deposits the whole of the gold m the 
metallic state, the transparent and colourless liquid containing ammonia 
free from stannous oxide. (Fuchs.) 

Gold and Lead. 

A. Alloy of Gold and Lead.—11 parts of gold and 1 part of lead 
form a pale yellow alloy, as brittle as glass, having a fine-grained frac¬ 
ture, and a density of IS 08, less therefore than the mean. The ductility 
of gold is destroyed by admixture of yqVo l ea( L (Hatchett) The lead 
oxidates when the compound is fused in the air 

B. Telltjride of Lead and Gold 2 —Foliated Tellurium. —Crystal¬ 
line system, the square prismatic. Fig 23, 27, 28, 30, 32, 33, and other 
forms. Specific gravity, 6-84 (Berthier); 7 22 (Petz) Soft and sectile, 
with a strong lustre and dark lead-grey colour; yields a powder of the 
same colour. Fuses very readily before the blowpipe, fuming, imparting 
a blue colour to the flame, and depositing a yellow film on the charcoal; 
after continued blowing, it yields a globule of gold. Dissolves in nitric 
acid, leaving a residue of sulphur and chloride of lead —The want of 
accordance in the analyses, probably arising from admixture of other 
tellurium ores and sulphide of lead, renders it impossible to deduce any 
definite formula for the mineral. 



Klaproth 

Brandes. 

Berthier 

Petz. 

Pb. 

54 0 

55 49 

63 1 


Cu 

I 3 

1*14 

1 0 


Ag 

0*5 

trace 



An 

. 9*0 

8*44 

6*7 

. 6*18 to 8*51 

Te 

32 2 

31 86 

13 0 


Sb 



4*5 


S . 

3*0 

3 07 

11 7 



100 00 

100 00 

100-0 



Gold and Iron. 

A, Alloy of Gold and Iron. —a. 11 parts of gold to 1 part of iron; 
Yellowish-grey, very extensible, hard; sp gr. 16*885,—less than the 
mean —h 1 pt. gold'to 1 pt. iron, Grey— c, 1 pt, gold to 4 iron, 
Silvei-w lute (Lewis.) 
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B. Carbide of Gold and Iron. —Gold does not improve the quality 
of steel; the presence of more than 4 per cent, of gold makes it brittle 
(Breant.) 

C Iodo-aurate op Iron. —Aqueous iodide of non dissolves a large 
quantity of teriodide of gold, and yields a crystallizable compound. 
(J ohn&ton.) 


Gold and Cobalt. 

A Alloy op Gold and Cobalt.—18 parts of gold form, with 1 part 
of cobalt, a dark yellow, very brittle compound, having an earthy, light 
yellow fracture. An alloy containing -gA of cobalt is still brittle, of 
cobalt gives a malleable compound. (Hatchett.) 

B. Chloride op Gold and Cobalt. —By spontaneous evaporation 
of an aqueous mixture of teriodide of gold and protochloride of cobalt, 
long rhombic prisms are obtained, having a deep yellow colour, and per¬ 
manent in the air (Bonsdorff ) 

Gold and Nickel 

A. Alloy op Gold and Nickel —The two metals unite with 
facility, forming a yellowish-white, hard, very malleable alloy, suscep¬ 
tible of a high polish, and having a magnetic power as great as that of 
nickel. (Lampadius, JSchw. 10, 176 ) 

B. Chloride of Gold and Nickel —Short greenish yellow prisms, 
isomorphous with those of the corresponding magnesium-salt. (Bonsdorif.) 

Gold and Copper. 

A. Alloy of Gold and Copper — Rothe Karatirung —In alloys of 
gold, the mark is divided into 24 carats, and the caiat into 12 grains. 
Accordingly, perfectly pure gold is said to be twenty-jour ccuats fine , and 
an alloy containing 18 carats of gold and 6 carats of copper or silvei (or 
both together) is said to be eighteen carats fine, &c The addition of cop¬ 
per renders gold redder, harder, and more fusible. Pure copper produces 
but little diminution in the malleability of gold; hut copper containing 
lead or antimony makes it brittle. An alloy containing 22 parts of gold 
and 1 part of copper has a density of 17 157; according to Muschenbroek, 
the maximum of hardness is exhibited by an alloy of 7 pts gold and 
1 copper. The copper cannot be completely separated from the alloy by 
fusion m contact with the air, nor even by cupellation with a large quantity 
of lead, it is only when a triple weight of silver and a twenty-four-fold 
weight of lead are simultaneously added to the alloy of gold and copper, 
that the whole of the copper sinks into the cupel, m the form of a 
compound of cupric oxide and lead-oxide. According to Macculloch, 
the copper may be superficially dissolved out of the alloy by heated 
aqueous ammonia; and by the same means, the alloy may be cleaned when 
it has become tarnished by oxidation of the coppei 

^ B. Alloy op Gold, Copper, and Zinc.— -Gold forms with brass a 
brittle, coarse-grained alloy, (Hatchett.) 
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Gold and Mercury. 

Amalgam op Gold. —Formed even at ordinary temperatures, most 
quickly, however, by throwing red-hot gold-plate into heated mercury. 
A bar of gold dipped into cold meicury, quickly turns white, and is soon 
completely penetiated by the mercury, but even after the lapse of a 
month, it still remains malleable, and is covered with small crystals When 
the mercury is heated to the boiling point, it soon dissolves, and foims 
a pasty amalgam (Darnell ) Yellowish white, the amalgam containing 
6 pts. mercury and 1 gold crystallizes m four-sided pi isms, which are 
fusible at a high temperatuie If the meicuiv he caiefully distilled off, 
the gold remains in an arborescent form—Serves foi gilding by heat. 
The amalgam obtained by dipping a red-hot gold-plate into hot niercmy 
is tritmated m a stone-ware mortar with salt and water, till it becomes 
perfectly blight, and then freed from excess of inercuiy by pressure 
through chamois-leathei. 

IT A native amalgam of gold has been found m Columbia, associated 
with a platinum ore, m globules of the size of a pea, and easily crushed 
by pressure. It gave by analysis 57*40 per cent. Hg, 38 30 Au, 5 0 Ag 

= Hg 12 , (Schneider, J. pr Cheni . 43, 317.) IT 

Gold and Silver. 

A Alloy op Gold and Silver. — Found native in the forms of 
Aunferous Silver and Electi um —The alloy is also formed artificially 
(Weisse Ecuatirung )—Gold, by combination with silver, becomes harder, 
more sonorous, and more fusible, and as the proportion of silver mcieases, 
the colour quickly passes through pale greenish yellow into white, the 
alloy exhibits a slight degree of expansion The malleability of gold is 
less diminished by silver than by any other metal The maximum of 
hardness is found in the allov containing 2 pts. of gold to 1 of silver. 
(Muschenbroek) An alloy of 1 pt. gold and from 3 to 4 pts silver, 
spits when suddenly cooled after fusion (p. 1 37). (G. Hose, Pogg. 23, 181.) 
—[For the separation of the two metals, see pp. 201—204 ] 

When gold-powder and silver-powder are welded together by Wollas¬ 
ton's process for platinum, a damasked metal is obtained, but at the 
points of contact of the gold and silver, an alloy is formed, the metals are 
therefore capable of uniting at tempeiatuies far below their melting 
points. (Tournet, Ann Chmi Phys. 75, 435 ) 

The native alloy of Gold and Silver exhibits the crystalline forms of 
the two metals, and a very variable propoition of them, and accordingly 
presents great diversity of specific gravity and colour. The assumption 
of definite stoichiometrical proportions, to which Boussmgault was led by 
his analyses of Columbian ores {Ann Ghim Phys . 34, 408, 45, 440), has 
been shown by the more elaborate analyses of Gustav Hose to he inadmis¬ 
sible. Here follow the analyses, beginning with those of nearly pure 
native gold. [Those marked with a star are added by the translator.] 



a. 

b * 

c. 

d. 

e. 

/. 

gM 

Au 

98 96 

. 98*3 

98 

95 33 

95 30 

94 41 

94 09 

Ag 

0 16 

1 7 

2 

4 34 

3 86 

. 5*23 

5 55 

Cu 

Fe 

0*35> 

0 051 



0 33 

0 84 

. 0 36 

. 0 36 


99 52 .. 

.. 100*0 

.. 100 

100 00 , 

„ 100 00 

.. 100*00 

100 00 
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a. From the gold-sand of Schabrowski, near Katharinenburg, sp. gr. 
19 099; after fusion 19 10 (Rose)— b. Locality unknown. (Levol, W. 
Ann. Qhwi. Phys 27, 310 )—c From Bucaramanga. (Boussmgault.)— 
d. From tbe Ural, in rhombic dodecahedrons, of sp. gr. 18*791, after 
fusion. (Awdejew, Fogg 53, 153 )— e. From the Ural; dodecahedrons; 
sp. gr 18*771, before fusion; 18 892, after fusion. (Awdejew)—/! From 
the gold-sand of Boruschka, near Nischne-Tagil, sp. gr. 18 44 (Rose.)— 
g . From the Ural, dodecahedrons. (Awdejew.) 



7i* 

2. 

k. 

l 

on. 

n . 

o * 

Au 

94 00 

93 78 

93*75 

93*66 

. 93*54 

.. 93 34 

... 93 0 

Ag 

5 85 

5*94 

6 01 

5 72 

5 62 

. 6 28 

. 67 

Cu 

Fe 


0 08) 

0 04] 

0 24 

0 52 

0 80 

J 0*06 
"* l 0 32 


Pt. 

0 15 








100*00 

99 84 

100 00 

99 90 

99*96 

100 00 

99 7 

h 

From Senegal. (Levol.) —i . 

From Beresow. (Rose.)— 7c, l, 

and m. 

From the Ural; dodecahedrons. (Awdejew.)- 

— n . From Katharinenburg. 

(Rose.)—o. 

From California, sp. 

gr. 16 23. (Rivot, Ann. Mm. [4], 16, 

127.) 

p.* 

<7* 

0 

s * 

t 

u. 

v * 

Au 

93 

92 80 

92 71 

92 7 

92 60 

92 47 

92*32 

Ag 

7 

7 02 

6*51 

6 9 

7 08 

7 27 

6 17 

Cu 


0 06) 

0 78 

0 4 

0 02 

0-18 


Pe 


0*08] 


0 06 

0 08 

0 78 


100 

99 96 

100*00 

100*0 

99 76 

100*00 

. 99 27 


p. From California, sp gr. 16 33; this sample contained 1*66 per 
cent, of sand and oxide of iron, mechanically mixed with it. (Teschema- 
cher, Chem. Soc Qu. J. 2, 193 )—q From Katharinenburg. (Rose.)— 
r. From the Ural, dodecahedrons; sp. gr. 18 11, increased by fusion to 
18*399. (Awdejew.)—5 From California. (Levol)— t . From the gold- 
sand of Pawlowsk, near Beresow. (Rose.)— u. From the gold-sand of 
Nikolajewsk, near Minsk (Rose )—v From the river-sand ot the county 
of Wicklow, in Ireland, sp. gr. 16 34 (Mallet, Phil. Mag . J . 37, 393 ) 



a 

l 

c. 

d* 

e 

/• 

g* 

Au 

92 01 

91 9 

91 88 

91 4 

91 36 

91*21 

91 0 

Ag 

7 52 

8*1 

8 03 

8*5 

S 35 

8*03 . 

. 8*7 

Cu 

Pe 

0*30 . 
0 17 


0 091 
trace J 


0 29 

0*76 

0 3 


100 OO 

100 0 

100 00 

99 9 

100 00 

100 00 

100 0 


a . From Bucharia (Rose)— b. This is probably the composition of 
the electrum from Quiebralmo; also of that from Giron. (Boussmgault.)— 
c. From Beresow. (Rose)— d . From California; sp. gr. 16*65. (Rivot.)— 
e. From the gold-sand of Boruschka; sp. gr. 17*955, increasing by fusion 
to 17 965. (Rose.)— -f. From the Ural, dodecahedrons; sp. gr. 17*74; 
after fusion, 18*35. (Awdejew)— g. From the North of Brazil. (Levol) 



h* 

7.* 

Ik. 

l* 

m * 

n 

o * 

Au 

90*96 

. 90 9 . 

90 76 . 

90 12 

89 61 

89*35 

. 89 1 

Ag . 

. 9 04 

8*7 

. 9*02 

9 01 

10 05 

10 65 

10 5 

Cu . 

. 

l 

fi 99 

0 87 


trace 


Pe 


0 2] 

U JUS* 



trace 

02 


100*00 . 

99*8 

100 00 

100 00 

99 66 

100*00 

99 8 


h. From California; after deduction of 3 7 percent, of sand. (Oswald, 
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Fogg. 78, 96.)— i . From California; sp. gr. 51*7. (Rivot.)— h. From 
Boruschka; sp. gr. 17‘5S8; after fusion, 17 745. (Rose )—L From Cali¬ 
fornia. (Henry, Phi. Mag. J 34, 205.)— m. From California. (Hofmann, 
Ann Pharm. 70, 255.)— n . From the gold-sand of Nikolajewsk; sp gr. 
17 484; after fusion, 17*725. (Rose.)—o. From California; sp.gr. 17 55. 
(Rivot) 



p . 

q. 

9. 

s 

t. 

u . 

v . 

Au 

88 65 

88 58 

88*24 

88 15 

87 40 

. 87*94 . 

. 87 31 

Ag 

10 64 

11 42 

11 76 

11 85 

12 07 , 

... 12 06 

12*12 

Cu 

0 09 




0 09 


0 08 

Fe 

0*35 




trace 


0 24 


99-73 

100 00 

100 00 

100 00 

.. 99 56 

100 00 

99 75 


p From the Newinsk mine. — q. From Llano (Boussingault)— 
r From Malpeso, sp gr 14 706 p] (Boussingault )—s From Baja, 
near Pamplona. (Boussingault )—t From the gold-sand of Andrejewski, 
near Miask, sp gr 17 402; after fusion, 17 542. (Rose )—u From Rio 
Sucio , sp. gr 14 690 [2]. (Boussingault )—v From Gazuscbka, near 
Nischne Tagil (Rose.) 




h* 

c. 

d. 

€. 

/-* 

g- 

An 

86 8 . 

. 86*57 

86 10 

84*89 

84*5 ’ 

84 5 . 

... 83 85 

Ag 

11*3 

12 33 

13*19 

14 68 

15*5 

15*3 

. 16*15 

Cu 

09 . 

0 29 ) 

trace 

0 04 



trace 

Fe 


0 24 f 

0 13 



trace 


99 0 

99 43 

99*29 

. 99 74 

100*0 

99 S 

100 00 


a Gold-laminae, from Senegal (Levol )—b From California, sp gr. 
15 63 (Henry )— c . From the gold-sand of Petropawlowsk, near Bogos- 
lowsk; sp gr, 16 896, after fusion, 16 964 (Rose )—d From the St. 
Barbara mine at Fuses, in Transylvania (Rose )—e From Ojas Ancas. 
(Boussingault)—-/. Gold-dust from Senegal (Levol )—g From the gold- 
sand of Boruschka; sp.gr 17 061 (Rose ) 



7t. 

i. 

Je 

l. 

771 . 

n. 

o . 

Au .... 

82*4 

82 1 

79*00 . 

76*41 . 

74 4 

74: 

73 68 

Ag 

17 6 

17*9 

20 34 

23*12 

25*6 

26 

26*32 

Cu 

Fe 



‘ 0 66 } 

0 03 
trace 


.. 



100 0 

100 0 

100 00 

99 56 

100 0 

100 

100*00 


h From Trinidad, near Sta Rosa de Osos (Boussingault )—i From 
Yega de Sapia (Boussingault )—l From the Ural; tetrahedrons, sp gr. 
after hammering, 16 03 (Awdejew )—l From Titiribi, m Columbia. 
(Rose )—m From the Sebastian mine at Marmoto Crystals of a brass- 
yellow colour (Boussingault )—n From Titiribi (Boussingault) — 
o. From Gnamo (Boussingault ) 



P‘ 

?• 

r 

s 


t. 

u . 

v 


X 

Au 

. 73*45 

. 73*4 

70*86 

64 

93 

64*52 

64 

60 98 

60*49 

28 

Ag 

26*48 

26 6 

28*30 

35 

07 

35 48 

36 

38*38 

38*74 

72 

Cu) 

Fe/ 



0*84 


* 



0 - 33 } 

. 0*77 



99 93 

100*0 

100 00 

100 

otTT 

100*00 

100 

99-(59~ 

100*00 

100 


p From Marmato, cubes and octohedrons of specific gravity 12 666. 
(Boussingault )—q From Otra Mma, near Titiribi (Boussingault)— 
r From the Ural, octohedrons, sp gr. after fusion, 15 627. The alloys 
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richer in gold crystallize m dodecahedrons; those which contain less gold, 
in tetrahedrons and octohedrons (Awdejew.)-—s From Sta Rosa de 
Osos, sp gr 14 149 [*?] (Boussingault )—t From Transylvania. 
(Boussingault )—n Electrum fiom Schlangenberg, in Siberia (Klaproth) 
— v From Sivanowski, in the Altai mountains, sp gr after fusion, 
14 556 (Eose ) — w From Verospatak, m Tiansyl vania (Rose) — 
sl Auriferous Silvei from Konigsbeig (Fordyce ) 

B Telluride op Gold and Silver — a Aid iferous Telluride of 
Silver —Found in indistinct crystals, which appear to belong to the 
oblique prismatic system, they have a semi-conchoidal fracture, and vary 
in density from 8 72 to 8 83 Sometimes slightly malleable, sometimes 
not at all Havo a stronger lustie and somewhat darker colour than 
pure telluride of silver. (Petz, Pogg 57, 470 ) 


5Ag 

, 540 

48 09 

Petz 

Fiom Ncigyag 
4b 7b 

Au 

199 . 

... 17 '2 

18 2G 

6Te 

384 

34 19 

34 08 

5AgTe,AuTe 

1123 

100 00 

100 00 


b Graphic Tellurium —Acute rhomboliedions (Fig 151), also obtuse 
rhombohedrons, with an axis of only half the length ot the former, and 
truncated. (Fig 142) (Breithaupt, Schw 52, 170 ) According to 
others, the mineral belongs either to the right prismatic or the oblique 
prismatic system of crystallization, and crystallizes in needles Sp. gr 
S' 28. (Petz ) Soft and sectile Colour, light steel-grey. When it is 
heated in an open tube, a grey sublimate of tellurium collects in the part 
of the tube immediately adjoining, and m the farther part, a white subli¬ 
mate of tellurous acid, which fuses into transparent drops Fuses upon 
charcoal, emitting a slightly acid odour, not lesemblmg that of horse¬ 
radish, covers the charcoal with a white deposit, and is i educed to a dark 
grey metallic globule, which is converted by long blowing into a pale 
yellow alloy of gold and silver, exhibiting incandescence at the moment 
of solidification. (Berzelius ) Dissolves m aqua-iegia, with separation of 
chloride of silver, and forms a solution which gives a white precipitate oil 
dilution with water 


Petz Elapiotli. Berzelius 

Graphic Tellurium, from Offenbanya. a b. 
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1*85 .. 

.. 1147 
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Au 
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2b 97 
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30 

24 00 

7Te 

. 448 
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58 81 

60 
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Pb. 



0 25 

2 75 


1 50 

Cu 



0 76 




Sb . . . 



0 58 

0 66 J 


... 1147 

Ee; As; S. 







AgTe 4 , AuTti 3 5 

751 . 

100 00 

100 00 

100 00 

100 

100 00 


The mineral a was made up of fine needles; b of thick needles, (Petz, 
Pogg. 57, 472.) Part of the silver appears to be replaceable by copper 
and lead. 

c. White Tellurium .—Crystalline system the right prismatic ? Crys¬ 
tallizes m needles. Sp gr 7 99 to 8 33. Soft, brittle Colour, silver- 
white, inclining to yellow. Before the blowpipe, it behaves like Foliated 
Tellurium, excepting that it does not give off sulphurous acid (Berzelius.) 
Dissolves in nitric acid, leaving a residue of gold. 
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White Tellurium. 



Petz. 


KLapiotli. 


Kagj. 


a. 

1 

c 

d 

e 


Ag 

. 104 

15 14 . 

14 68 

10 69 

7 47 

10 40 

. 12 78 

8 50 

Au 

199 

28 97 

24 98 

28 93 

27*10 

25*31 

29 62 

26 75 

6Te 

384 

55 89 

55 39 

48 40 

51 52 

44 54 . 

, 49*96 

44*75 

Pb 



2 54 

3 51 

8 16 

11*21 

. 13 82 

19 50 

Sb 



2 50 

8 42 

5 75 

8 54 

3 82 


S 








0 50 

AgTe a ,AuTe 3 687 100 00 400 00 

100 00 

100 00 

100 00 

100 00 

100 00 

a . 

Long white 

prisms, 

of sp. 

gr 8 27.- 

— b. White, thick prisms, 

sp. gr. 


7*99 — c. Short, yellowish prisms, with less distinct cleavage, sp gr. 8 33. 
—d and e. Light yellow, ciude masses, exhibiting no cleavage The 
silver is paitly leplaced by lead, and the telluimm by antimony p] 
White Tellurium and Graphic Tellurium are piobably the same mmeial, 
their common formula being AgTe,2AuTe 3 (Petz, Fogg 57, 473)— 
According to the atomic weight of gold, adopted in this Handbook, the 
preceding formula should be AgTe, AuTe 6 = AgTe 4 , AnTe 3 , but for this, 
the proportion of tellurium given by the analyses of White Tellurium is 
too small, hence the formula AgTe 3 , AuTe 3 is to be preferred. 

C Alloy of Gold, Silver, and Copper —The combination of gold 
with copper and silver together, is attended with a greater amount of 
expansion than the combination with copper alone 22 pts of gold with 
1 silver and 1 copper form an alloy whose specific gravity is 17 344 The 
alloy is hard, and inclines to yellow, red, or white, accordingly as the 
gold, copper, or silver predominates 

D Amalgam of Gold and Silver —A solution of 1 loth (£ oz ) 
of gold in 100 pounds of mercury is liquid, and may be completely 
squeezed through leather But if 8 loth of silver be likewise dissolved 
in the liquid, and the product pressed through leather, 56 5 loth of amal¬ 
gam remain in the leather, containing 1 loth of gold and 7 5 loth of 
failver. The wdiole of the gold, together with the greater part of the 
silver, is therefore separated m the form of a solid amalgam (Wehrle, 
Zeitschi' Fhys Math. 9, 414) 


Other Compounds of Gold. 


With Platinum, Palladium, Rhodium, Iridium, and Osmium. 
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Chapter XXXIX. 

PLATINUM. 


Memoirs relating to Platinum , Palladium , Rhodium, Indium , cwzeZ 
Osmium together . 

Fourcroy & Vauquelin. A.7m. Ghim. 48, 177; also A . 2, 269.— 

.4.7m. C7wm 50, 5, also J. 6W, 2, 262 —Amz du. Mus. d’hist . nat 

7, 401, also 24, 209, also AT. GWiZ, 2, 672 

Vauquelin—Decomposition of Platmum-oie. -471% Chim. 88, 167; also 
ASfc/iw 12, 265, also A Tr . 24, 1, 273.—J.?m. C7m?&. 89, 150, also 
Schw. 24, 21. 

Berzelius.—Decomposition of Platinum-ore, and examination of tlie indi¬ 
vidual metals composing it. Pogg. 13, 435 and 527, 15, 208. 

Osann.—Russian Platmum-ore and new metals contained therein. Pogg . 

8, 505, 11, 311; 13, 283, 14, 329; 15, l5S.—Kastn. Arch. 10, 100; 
16, 129. 

Claus.—Ruthenium, a new metal contained m Platinum-ore. Pogg . 64, 
192; 65, 200, abstr. Jahresber. 25, 205, Ann. Pharm. 56, 257.—* 
Contributions to the Chemistry of the Platinum-metals. Ann. Pharm. 
63, 337. 


Memoirs relating exclusively to Platinum. 

Th. Scheffer— Abhandl. d. Schwed. Ah. d. Wissensch. Hamb. & Leipz 
1755. B 14, s. 275. 

Marggraf.— Chymische Schnften. Berl. 1761, 1, 1. 

Bergman— Opusc. 2, 166. 

Fourcroy & Vauquelin.— Ann. Chim 48, 177, 49, 188. 

Graf von Sickmgen. Versuche uber die Platma. Mannheim, 1782. 
Proust— Ann Chim 38, 146 and 225, also Scher. J. 7,256.— Ann. Chim. 
49, 177; also JST. CM, 1, 347. 

Berzelius.—Oxygen and Chlorme-compounds of Platinum. Schw. 7, 55; 

34, 81.—Platmate of Potash. Jahresbericht, 9, 110. 

Edmund Davy.—Phosphide and Sulphide of Platinum Phil. Mag ; also 
Schw. 10, 382.—Platinum-salts. Phil Mag. 20, 350 —Fulminating 
Platinum. Ann . Phil 9, 229, also Schio. 19, 91 —Platinum-black, 
Protoxide of Platinum, and Sulphate of Platinum. Phil Trans. 1820; 
Schw 31, 340. 

Vauquelin.—Sulphide of Platinum. Ann. Chim. Phys. 5, 260, also Schw. 
20, 394; also N. Tr. 2, 2, 325.—Chloride of Platinum and Bioxide 
of Platinum. Ann. Chim. Phys. 5, 264; also Schw. 20, 398.—Tiiple 
salts of Platinum and Sulphate of Platinum. Ann. Chim. Phys. 5 
392; also Schw. 20, 451. 

W. Dobereiner—Platmum-black. Schw 54,414, 63,476.— J. pr. Chem. 
1, 114, 369— Ann. Pharm 2, 1, 14, 10, 17, 67.— Pogg 28, 181; 
36, 308 and 548.—Spongy Platinum J. pr Chem. 17,158, 28, 165. 
—Chloride of Platinum with Alkalis Schw 66, 289.— Pogg. 28, 180. 
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—Bioxide of Platinum, with Sulphurous Acid J. pr. Chem. 15, 
315 

Fischer—Chloride of Platinum. Pogg 9, 256, Schw 53,108.—Platinum 
sal-ammoniac Eastn Arch. 14, 150. 

BonsdorfF—Saits of Chloride of Platinum Pogg 17, 250; 19, 337 — 
Salts of Bromide of Platinum. Pogg. 19, 343. 

Gros.—Ammon io-salts of Protoxide of Platinum. Ann. Pharm . 27, 241; 
also Ann . Chim . Phys. 69, 204 

Reiset — Ammonio-salts of Protoxide of Platinum. Compt. rend. 10,870; 
also Ann Pharm 36, 111; also J. pr. Chem 20, 50— Compt rend . 
11, 711, 18, 1100, also AL Ann Chim Phys 11, 417. 

Peyrone — Ammomo-saits of Protoxide of Platinum. Ann. Pharm. 51, 1; 
55, 205, 61, 178 

Raewsky —Ammonio-salts of Protoxide of Platinum. E Ann. Chim Phys. 
22, 278, ahstr. Compt rend. 23, 353, 24, 1151, also Ann Pharm . 
64, 309, 68, 316 — Gerhardt’s Observations thereon. JST. J. Pharm. 
14, 315. 

Laurent & Gerhardt.—Action of Ammonia on Chloroplatmate of Ammo¬ 
nium. Ann Pharm . 73, 223; J. pr. Chem. 46, 511, Compt . rend, 
trar. Chim. 2 849, 113. 

Gerhardt.—Researches on the Ammoniacal compounds of Platinum. 
Compt 'tend trar Chim. 1849, 273, abstr. Compt rend. 31, 241.— 
Ann. Pharm. 76, 307. 


History. Crude Platina (Spanish diminutive of Plata , silver) was 
discovered m the auriferous sand of the river Pmto it was first brought 
to Europe m 1741, under the name of Platina del Pinto , and was chiefly 
examined by Watson, Scheffer, Lewis, Marggraf, Bergman, Sickingen, 
Mussm-Pouschkm, Fourcroy & Vauquelm, Wollaston, Descotils, Tennant, 
Berzelius, Edmund Davy, and Dobereiner. 

Soutxes 1. Platinum occurs pme and native, mixed only with palla¬ 
dium, in Brazil (Wollaston, Schio. 1, 364)—2 In combination with 
palladium, ihodium, iiidium, osmium, ruthenium, iron, copper, and lead, 
and sometimes with silver,—mixed also with grams of osmium-iridium, 
gold, titaniferous iron, chrome-iron-ore, hyacinth, spinelle, and quartz, 
and with gold-amalgam, which remains behind after the extraction of the 
gold by mercury,—m Crude Platinum-oie , or Ciude Platina , or m 
Platimfei ous sand The latter is found chiefly in rivers and alluvial 
deposits; seldom m the rock In the Pmto, m the gold-washings of 
Barbacoas, in the province of Antioquia, in the province of Clioco, m New 
Granada^ and m the provinces of Matto Grosso and Minas Geraes, m 
Brazil. In veins of manganese in the weathered syenite near Sta. Rosa 
de Osos, m the Columbian province of Antioquia (Boussmgault, Ann. 
Chim Phys. 32, 204), in the valley of the Jaky, in St Dommgo (Vau- 
quelm, Schw 1, 362); on the western declivity of the Ural, partly in 
alluvial deposits, partly injected into greenstone and serpentine (comp. 
G. Rose, Pogg. 34, 380),—on the Ratoo mountain, in Borneo The gold- 
sand m the north of Ava is likewise interspersed with iron-black, magnetic 
grains, containing about 20 per cent of platinum and 60 per cent, of 
indium (Prinsep, Pogg 34, 380 ) The gold-sand of the Rhine contains 
o-j 0 o of platinum (Fr Dobereiner, N JBr. Aixh 25, 57) The palla¬ 
dium obtained from the gold of the Wilhelm works on the Harz contains 
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a small quantity of platinum (Berzelius, Pogg 34, 380) D’Angy & 
Viliam {Pogg 31, 16) found platinum m the galena of Consolens and 
Alloue, in the Dept de la Charente, Berthier and Descotils did not find 
it in this galena, but they discovered it in the manganese of Alloue, 
Epenede, Planveille, and Melle, of the Depts Charente and Deux Sevres 
Vauquelin's statement (Ann Chim. 60, 317) respecting the occurrence of 
platinum in a silver-ore from Guadalcanal in Spain, appears, from the 
more recent observations of Berzelius ( [Lekrl 1826,2 , 168) to be doubtful 
IF Platinum has also been found in the gold-washings of Mr Erwin’s 
works, m Rutherford county, N America (Shepard, Sill Ann J [2], 
2, 253) According to Molnar (Paidmgers Berichte , 3, 412) platinum 
occurs associated with nickelifeious native iron, in the auriferous sand 
of Ohlapian, in Hungary Kapetzky & Kapera {Paid Ber 3, 439) deny 
the existence of the platinum, and state that the iron contains no 
nickel. Molnar, however, on repeating his experiments {Paid Ber 3, 
475), extracted 34 grains of small crystals of magnetic iron, which had 
particles of platinum adhering to them, and fiom vhich he prepared the 
chloroplatmate of ammonium, he likewise iepeats his statement regaiding 
the nickel Fiom the recent investigations of Pettenkofei {Pogg 74, 316) 
it would appear that platinum is much more widely distributed than has 
hitherto been supposed, all silver, excepting that which lias been sub¬ 
jected to the particular piocess of puiification descubed by Pettenkofer, 
appears indeed to contain platinum (comg pp 202, 203) IT 

Composition of crude Platinum Ore. 





Berzelius 



S\ anberg 




a. 

5,/3. 

b. 

c. 

d 

e 

/ 

Platinum 

78 

94 . 

. 73 58 

86*50 

84 30 

86 16 

84 34 

53*44 

Palladium 

0 

28 

0 30 

. 1 10 

1 06 

0 35 

1 66 

0 49 

Rhodium, 

0 

86 

1 15 

1*15 

3 46 

2 16 

3 13 

6 86 

Indmm 

4 

97 

2*35 


1*46 

1 09 

2*58 

27*79 

Osmium 





1 03 

0 97 

0 19 

tiace 

Iron 

11 

04 

12 98 

8 32 

5 31 

S 03 

7 52 

4 14 

Copper 

0 

'70 

5 20 

0 45 

0 74 . 

0-10 

tiace 

8 30 

Manganese 






0 10 

0 31 


Osmium-indium 

1 

96 ) 


( 1 40 


1 91 

1 56 


Cu aim uf sand 


S 


i 

0 60 




Lime 





0 12 




X 

98 

73 

97 86 

98 92 

98 08 

101*17 

101 29 



a Prom Nisehne Tagilsk, in the Ural, distinguished by a very dark 
guy colour* « are the non-magnetic grains, j8 the magnetic grams, 
some of them possessing very strong polarity — b From Goroblogadat, m 
the Ural, perfectly non-xnagnetic —c From Barbacoas, consisting of veiy 
large grams. The osmium-indium m these three ores is in the form of 
grains and spangles The spangles are partly fused into the true giams 
of the p’atmum ore, and aic left behind when it is dissolved m boiling 
aqua-regia, part of the osmium and indium is, however, chemically com¬ 
bined with the platinum, and this portion is attacked when the platinum 
is dissolved The loss partly arises from volatilization of osmium (Ber¬ 
zelius )— d From Choco, freed from iron-ore by the magnet — e From 
the Pinto. After separation of the iron-ore, there remained a mixture of 
grains of various kinds, a Rounded grains, having considerable lustre, 
and a colour inclining to lead-grey, sp gr. 17 8S the analysis of these 
is given under e. (3. Angular grains, of a light grey colour, and little 
lustre; sp.gr. 17 08; y. Rough grains, somewhat yellowish, hut with 
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black points; sp gr. 14 24; $ Black, shining grams, of sp. gr. 7 99— 
f The so-called osmium-iridium, from South America; sp gr. 16 94 
(Svanberg, Pogg 36, 46.) 

[Analyses of Siberian platinum-ores by Osann. ( Pogg S, 505, 13, 283, 14, 329 ; 
Kasim . Arch 16, 129 )] 

According to Vauquelm, the American platinum ore also contains 
lead, a statement which Gmelm has confirmed Wohler likewise 
observed silver in the American platinum-ore, and grains of auriferous 
silver in that fiom Siberia Schneider found a native amalgam of gold m 
the platmum-ore from Columbia (p 247). 

Analysis of Platinum-ore, and Preparation of Platinum , Palladium , 
Rhodium , Osmium , and Indium . 

A. According to Vauquelm , Wollaston, and others. 

1. The platinum-ore freed by the magnet from the greater part of the 
iion-ore, is treated with cold, dilute aqua-regia, which extracts gold, mer¬ 
cury, and a ceitain quantity of iron When "American platinum oie is 
digested on the water-bath tor several days with strong hydrochloric acid, 
lenewed from time to time, as long as the liquid acquires a brown colour, 
a solution is formed containing a very large quantity of iron, a consi- 
deiable quantity of manganese, a small quantity of lead, copper, mercury, 
and platinum,—and on levigating the ore with water, a white powder is 
obtained, consisting of titanic acid containing chromium. The ore thus 
tieated, leaves, on subsequent digestion vith aqua-regia, only 2 6 per 
cent of insoluble xesidue, consisting of sliming scales and a small quantity 
of black powder, wheioas, if the pievious tieatment were omitted, 4*2 per 
cent of residue would he left (Gm ) 

2 The platma is then dried, and, according to Vauquelm, mixed in a 
retort with four times its weight of aqua-regia, containing hydrochloric 
acid of 22° Bui to \ fuming nitnc acid of 44 J Bm The liquid is gently 
warmed after a while, then more strongly to drive off the excess of acid, 
the heat being continued till the solution is so far concentrated as to 
solidify on cooling. (It is better, however, to follow Berzelius’s plan of 
covering the platmiferous sand only with hydrochloric acid, and adding 
the nitiic acid fiom time to time, otherwise a large quantity of chlorine 
v ill be lost) The residue is tieated with water to dissolve out the soluble 
poition (When this residue is treated with water, an evolution of chlo¬ 
rine often takes place, because the bichloiide of palladium piodueed by 
the action of the acid is thereby partially decomposed Baidius) The 
poinon which remains undissolved is lepeatedly tieated m the same 
manner with corresponding quantities of aqua-iegia, till the liquid no 
longer acquires a brown eoloui, wheieupon a black powder ( OP) amount¬ 
ing to of the whole, remains mulissolved. The acid liquid ( Out ) 
winch passes over in these distillations, contains, accoiding to Laugier 
(Ann. Chun. 89, 191) a small quantity of osrme acid 

3. The hydrochloric acid solution containing platinum, palladium, 
rhodium, and a small quantity of indium, al&o iron, copper, mercury, 
and lead (it must be as free as possible from excess of acid) is either 
treated according to Wollaston’s more recent method, by neutralizing any 
excess of acid that may be present, and adding cyanide of mercury, 
whereby the palladium is precipitated in yellowish-white flakes of cyanide 
of palladium (often not appearing till after some time), which when 
washed and ignited yield Palladium; 
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4. Or, according to Wollaston’s older method, and according to Yau- 
quelin’s method, the hydrochloric acid solution, without previous precipi¬ 
tation of the palladium, but merely diluted with water m the proportion 
of 10 parts of water to 1 part of the concentrated solution, is mixed with 
a solution of sal-ammoniac, whereby the greater part of the platinum is 
thrown down in the form of platinum-sal-ammoniac. Berzelius recom¬ 
mends the previous addition of a little nitric acid, to prevent the admix¬ 
ture of indium with the precipitate. Cloud (Schw. 43, 316 ; also Glib . 
72, 253) employs a solution of sal-ammoniac saturated at a boiling heat, 
and separates the precipitate quickly from the liquid, before the latter 
has time to deposit any salts of rhodium or palladium. 

5. The yellow precipitate well washed with cold water, and then 
ignited, yields Platinum Cloud purifies the product by repeated so¬ 
lution in aqua-regia, precipitation by sal-ammoniac, and ignition of the 
precipitate. 

6 From the liquid separated from the yellow precipitate (according 
to Wollaston, a small quantity of gold may be separated therefrom by 
neutralizing with carbonate of soda and adding green vitriol), the whole 
of the noble metals are separated in the form ot a black powder (Red) 
by immersing in it a plate of iron (Vauquelm) or of zinc (Wollaston). 

7. Cloud cupels the black powder thus obtained (Red) with four times 
its weight of silver, and a quantity of lead sufficient for the separation of 
the base metals, rolls the resulting alloy, consisting of silver, palladium, 
platinum, rhodium, a small quantity of gold [and indium into thin 
plates , treats these plates repeatedly with boiling nitric acid; throws 
down the silver from the solution by hydrochloric acid, and then, after 
filtering, precipitates the palladium by caustic potash or cyanide of mer¬ 
cury , digests the undissolved portion, consisting of platinum, rhodium, 
gold [and indium?] m aqua-regia, whereupon the Rhodium [and indium?] 
is left behind ; and precipitates Platinum from the solution by sal-am¬ 
moniac, and Gold by green vitriol. 

8. Yauquelin and Wollaston wash the black powder (Red) with cold 
watei, and afteiwards boil it with water to dissolve out the platmum-sal- 
ammoniac, which has been precipitated together with the black powder 
in consequence of abstraction of acid. They then treat the precipitate 
with cold nitric acid theieby dissolving out iron, copper, lead, and a 
small quantity of palladium, and after wards with cold hydrochloric acid, 
which, besides iron and copper, likewise takes up a small quantity of 
palladium, platinum, and rhodium, these metals, accoiding to Wollaston’s 
opinion, having been partly precipitated, not in the metallic state, but 
as oxides. The powder, after another washing with water, is next heated, 
whereupon, according to Yauquelin, chloride of copper, calomel, metallic 
mercury, and a black substance resembling osmium, aie separated. 

9. According to Wollaston’s older process for preparing palladium, 
the powder (Red) purified m the manner just described, is tieated with a 
mixtme of hydrochloric acid and nitre, which leaves undissolved the 
chloride of platinum and potassium produced by its own action, and 
yields a solution chiefly consisting of palladium and rhodium. This 
solution, when evaporated, deposits crystals of chloride of palladium and 
potassium, which may be distinguished by their two colours, and mecha¬ 
nically separated from the other crystals, after which the oxide of palla¬ 
dium is mechanically separated by potash, then washed, and converted by 
ignition into metallic Palladium. 

10, If the palladium has been separated by (7), the remaining crystal- 
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lized and uncrystallized mass may be ignited with water, and dissolved 
m aqua-regia. When the palladium has been separated by (3), the 
powder (Bed) is likewise dissolved m aqua-iegia. To separate the 
lhodium from such a solution, Wollaston then adds common salt, and 
obtains by evaporation chloiorhodiate of sodium, a small quantity of 
chloroplatinate and ckloropalladite of sodium, together with protochlonde 
of copper and sesquichlonde of iron. The last four salts are removed 
by triturating and agitating the mass with alcohol of 84 per cent, 
while the chlororhodiate of sodium remains behind Fiom the solution 
of this salt in water, the Rhodium is precipitated, by the immeision of 
a bar of zinc, m black metallic flakes, which turn white on ignition , or 
the salt is strongly ignited, and the chloiide of sodium extracted by 
water 

11. Vauquelm, on the other hand, to obtain the palladium and 
lhodium, dissolves the powder (Red) purified by (8), in the mixture of 
hydrochloric and nitric acid mentioned m (2), whereupon a small quan¬ 
tity of indium is left behind in the form of a black powder, provided the 
treatment with this acid is not too often repeated 

12 The hydrochloric acid solution (II) of platinum, palladium, 
rhodium, and a certain quantity of indium, also containing copper and 
iron, is next freed from excess of acid by evaporation to a syrupy con¬ 
sistence, diluted with 10 parts of water, and the greater part of the re¬ 
maining platinum precipitated by sal-ammoniac m the form of a yellow- 
double salt, which, when washed and ignited as above (5), yields Pla¬ 
tinum . 

13. The liquid sepaiated from the chloroplatinate of ammonium, 
together with the wash-watei, is e\apoiated nearly to dryness, the mass 
again dissolved m cold water, which leaves behind an orange-yellow or 
aurora-red compound of chloroplatinate of ammonium with a small 
quantity of chlonridiate of ammonium, and this, by ignition and subse¬ 
quent treatment with aqua-regia, may be sepaiated into a solution of 
platinum and an insoluble residue of Indium . 

14. Yauquelm then dilutes the cold aqueous solution of (13) with a 
proper quantity of water; perhaps mixes it with a small additional 
quantity of sal-ammoniac , and adds ammonia m small portions and with 
constant agitation, so long as fine rose-colouied scales of ammonio-chlo- 
lide of palladium continue to fall down. These are washed, first with 
cold and then with hot wmter—and likewise with water slightly acidu¬ 
lated with hydrochloric acid, if any ferric oxide or oxide of rhodium has 
been tin own down by the addition of too much ammonia—and then con¬ 
verted into Palladium by ignition. 

15. Vauquelm next evaporates the liquid separated from the pal¬ 
ladium-salt, sufficiently to make it solidify m a crystalline mass on cooling. 
Ckloropalladite of ammonium then crystallizes m yellowisli-green four¬ 
sided prisms, and chlororhodiate of ammonium in luby-coloured, six-sided 
pnsms The remaining mother-liquid, mainly consisting of solution of 
protochlonde of copper and sesquichlonde of non, is pouied off, the 
crystals pulverized m a porcelain mortar, set aside in a vessel with 
alcohol of 36° Bm., and the liquid frequently agitated. After 24 hours, 
the alcohol is poured off and replaced by a fresh portion, the process 
being repeated as long as the liquid acquires a yellowish-green tint. 

16 As the chlororhodiate of ammonium which remains after washing 
with alcohol may still contain a little chloroplatinate of ammonium, 
Vauquelm dissolves it either in pure water or m water slightly acidu- 
vol. vi. s 
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lated witb Hydro chloric acid, which leaves the platinum-salt behind. The 
solution evaporated to dryness and ignited, yields Ehodium. 

17. The noble metals dissolved by the hydiochlonc and nitric acid, 
■which were used to purify the black powder ( Red ), having been precipi¬ 
tated by iron from these acids, the precipitate may be resolved into pla¬ 
tinum, palladium, and indium, by a process similar to that described for 
the treatment of the powder (j Red), (11 to 18) (Vauquelm ) 

18 The black powder (0 J) (2), which, according to Vauquelin, 
mainly consists of indium and osmium, but likewise contains chiome- 
iron ore, titamferous iron, quaitz-sand, spmelle, and hyacinth, may be 
separated by elutriation into a fine and comparatively pure powder, hav¬ 
ing somewhat of the aspect of black lead, and coarser grains containing a 
laiger piopoition of chrome-iron ore. (Vauquelm) Tbe powder (0 J) 
is mixed, according to Vauquelm, with twice its weight of nitre, and 
heated in a porcelain retort to which is adapted a tube dipping into lime- 
water, as long as gas continues to go off At first yellow flakes of osmiate 
of lime aie foimed m the lime-water, hut they aie afterwards dissolved 
by the nitrous acid which parses ovei , needles of osnne acid likewise 
collect in the glass tube at the beginning of the action, hut afterwards 
pass over into the lime-water 

19. The mass which remains m the retoit yields, by lepeated boiling 
with water, a red-biown solution no longer smelling of osmium, but con¬ 
taining iridic, osrnic, titanic, and ferric oxides, alumina, and a small 
quantity of chromic oxide m combination with potash (Vauquelin ) 

20. The washed powder is treated with concentrated hydrochloric 
acid, which thereupon acquires a dark green colour, chiefly by taking up 
iron and indium (Vauquelm.) 

21 The powder which remains after the treatment with hydiochloric 
acid, is again fused, as above described, with 2 paits of nitie, then once 
more treated with water, and subsequently with hydrochlouc acid,—and 
this treatment with nitre, water, and hydrochlouc acid is lejieated till the 
whole of the powder is dissolved, partly m water, partly m hydrochloric 
acid. The solution of the final residue is further accelerated by the use 
of aqua-regia. In these latter processes, the hydrochloric acid acquires 
more of a blue than of a green colour, inasmuch as the quantity of non 
present is not so gieat as before. (Vauquelin ) 

(Wollaston, instead of igniting the powder (0 J ) with nitre in a 
retort, mixes it with 1 to 1J- pt hydrate of potash, and ignites it for an 
hour in a silver crucible, after which he likewise treats it first with 
water, then with hydrochloric acid, then again with hydrate of 
potash, &c.) 

22. Vauquelin neutralizes the alkalme liquids obtained in (19) and 
in the subsequent treatment with water, by the addition of mfcnc acid, 
whereby green flakes are precipitated, consisting of mdic, osmic, titanic, 
and chromic oxides, alumina, and silica. The supernatant liquid contains 
nitrate and chromate of potash, and osmic acid, which may be separated 
in the aqueons form by distillation. 

23. The green flakes are dissolved in hydrochloric acid, the solution 
mixed with the hydrochloric acid liquid of (20) and with the other 
solutions subsequently obtained in the same manner, nitric acid is then 
added to bring the indium to its highest state of oxidation, and thereby 
prevent it falling to the bottom when heated, m combination with feme 
oxide, titanic oxide, and silica, after which, the osmic acid is distilled off 
by long-continued boiling, and collected m a cooled receiver (Vauquelin ) 
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24 Vauquelin dilutes the residual liquid in the retort with water, 
and precipitates the titanic oxide and part of the ferric oxide by neaily 
neutralizing it with ammonia, he then filters the solution, evapoiates 
again, and by the addition of sal-ammoniac, precipitates the chloxindiate 
of ammonium in small, black crystals, which, when ignited and freed by 
washing from adhering chloride of potassium, yield h idium. 

25 The remaining liquid, after dilution with water, is supersaturated 
with ammonia, which precipitates the feme oxide, aud retains the mdic 
oxide in solution, and the h idium therein contained is separated by 
filtering and evaporating the liquid, igniting the residue, and washing 
out the adhering chlonde of potassium, 

26. The liquid (Best ), of (2) containing hydrochloric, nitric, and osnnc 
acid is, accoiding to Laugier (Ann Chun 89, 191, also Schw 19, 
70), nearly neutralized with milk of lime and distilled to dryness. The 
distillate containing osnnc acid is then mixed with the lime-water of (16) 
containing the same compound, and with the distilled liquids of (22) and 
(23) also containing osmic acid This mixture, if it does not alieady 
contain sufficient acid, is mixed with a model ate excess of hydiochlonc 
acid, and decomposed by zinc (If too much hydrochloric acid is added, 
the blue cloud is redissolved, and a purple solution foimed; if too little, 
part of the osmium remains m solution, so that the liquid still retains the 
odour of osmic acid, and, the foimation of gas-bubbles being but slow, the 
precipitated osmium is deposited upon the zme Vauquelin ) The black 
flakes of Osminin which fall to the bottom, aie several times washed— 
after the chloride of zinc has been decanted—first with water containing 
sulphuric acid, and then with puie water, after winch theyaie dried at a 
gentle heat, and pieseivod in stoppeied bottles (Yauqnelin.)—A con¬ 
siderable quantity of osmic acid escapes with the hydiogen gas (Bei- 
zelius ) 

B According to Berzelius. 

a. Complete process , adapted for Quantitative Analysis. (Pogg . 13, 553.) 

1 The ore, after being freed from grams of foreign matter by 
mechanical separation and by the magnet, is treated with dilute hydio- 
chlone acid, which dissolves ferric oxide and metallic iron. 

2 It lb then heated m a tubulated retort, having a cooled receiver 
adapted to it, with concentrated hydrochloric acid, to winch strong nitric 
acid is added from time to time, as the action diminishes m intensity. 
An excess of nitnc acid must he avoided, because it would decompose the 
chloride of indium, and cause the sepaiation of oxide of indium ou 
evaporation. The heat is continued till the residue m the retoit becomes 
syrupy and solidifies on cooling, the saline mass dissolved in a small 
quantity of hot water, and the solution carefully decanted from the insoluble 
residue The distillate, which has a yellowish colour, arising from 
chloride of platinum, which has spnted ovei, is then poured upon the 
residue, and distilled again, without boiling, whereupon a colourless dis¬ 
tillate of dilute osnnc acid is obtained. Should the residue still contain 
any soluble matter, it must be again treated in the same manner with 
aqua-regia. 

3. The distillate is neutralized with ammonia or lime ; saturated with 
hydrosulphuric acid gas in a bottle nearly filled with it, and set aside for 
some days with the bottle closed, till the precipitate settles down; after 

s 2 
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winch the watery liquid is separated from the sulphide of osmium by 
decantation and filtering 

4. The metallic solution, together with the uudissolved portion (2), 
often smells of chlorine, arising from decomposition of bichloride of 
palladium, m that case, it must be boiled till the bichlonde is converted 
into protoehloride, and the odour is entirely destroyed; if a turbidity 
should be produced during the ebullition, fiom separation of oxide of 
palladium, that substance must be dissolved [m hydrochloric acid?]. 
The solution is then sepaiated by filtration from the uudissolved portion. 

5. The filtiate (4) is mixed with twice its volume of alcohol of sp gr 
0 S33, and then with a saturated aqueous solution of chloride of potassium, 
as long as a precipitate is formed 

6 The precipitate, consisting of eliloroplatinate and chloiindiate of 
potassium, together with a small quantity of chloiorhodiate and chloro- 
palladiate of potassium, is washed with alcohol of 60 per cent, containing 
a small quantity of saturated aqueous solution of chloride of potassium, 
till the filtiate no louger gives a precipitate with sulphuretted hydrogen 

7. The precipitate (6), immediately after drying, is intimately mixed 
with dry carbonate of soda, and very gently heated in a porcelain 
ciucible—together with the ashes of the filter, and the excess of carbonate 
of soda—till the mass is blackened to the very centre and begins to fuse 
The platinum is then left m the metallic state, and the iridium and 
lhodium in the state of oxides, but not soluble m acids (If the solution 
liad been precipitated with sal-ammoniac instead of chloride of potassium, 
the last two metals would likewise have been left in the metallic state, 
and would have dissolved m the aqua-regia together with the platinum ) 
The black mass is freed by water from the greater part of the potash and 
soda-salt, and the alkali vhich adheies to the oxides of rhodium and 
indium is dissolved out by dilute lrydrochlonc acid In this process, the 
hydrochloric acid always dissolves a certain quantity of platinum and 
iridium, inasmuch as the oxide of iridium supplies the oxygen necessary 
for that puipose. (Hermann, Fogg. 37, 408 ) The residue is washed on 
a filter, dried, ignited, and weighed the filter, however, must he ignited 
alone, in order that it may not exert any reducing action 

8. The ignited mass is fused with six times it& weight of bisulphate of 
potash, the fused product dissolved m watei, and the uudissolved portion 
repeatedly treated m the same manner with bisulplrate of potash and 
water, as long as it imparts any colour to the liquid. 

9. The resulting solution, which contains the oxide of rhodium, is 
mixed with excess of caibonate of soda, evaporated to dryness, and 
ignited in a platinum ciucible. The mass is then dissolved in water, the 
oxide of rhodium washed on a filter, ignited in contact with the filter, 
and reduced in a stieani of hydrogen gas. The Rhodium thus obtained 
often contains a small quantity of palladium, which may be dissolved out 
by aqua-regia, and precipitated from the solution, after neutralization, 
with cyanide of mercury. 

10. The remaining mixture of platinum and oxide of indium (8), is 
digested with very dilute aqua-regia, which extracts the greater part of 
the platinum, after which the solution is decanted 

11. To purify the oxide of indium from the remaining portion of 
platinum, it is mixed with strong aqua-regia, containing a little common 
salt (whereby the conversion of bichloride of platinum into protochloride 
on evaporation is prevented), and the liquid evapoiated to dryness • the 
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mass is tlien digested in water, and the oxide of indium wa&lied on the 
filter, first with a weak solution of common salt, and afterwaids with a 
■weak solution of sal-ammoniac, because, if washed with pure water, it 
would run thiough the filter 

12 The solution which passes through the filtei contains a small 
quantity of oxide of iridium, together with the platinum, it is therefore 
mixed with carbonate of soda, and evapoiated to diyness, the residue 
ignited, the saline matters dissolved out from it by water, and the 
platinum by aqua-regia, the greater part of the oxide of indium remaining 
undissolved The very small portion of oxide of indium which dissolves, 
together with the platinum, is precipitated, on the addition of ammonia, 
in hiown flakes containing a very small quantity of platinum. 

13 The oxide of indium obtained by (11) and (12) is freed from sal- 
ammoniac by ignition, and reduced by hydrogen 

14. The alcoholic filtrate (6) containing palladium, rhodium, non, and 
copper, together with small quantities of platinum, iridium, and manga¬ 
nese, is put into a bottle, and satuiated with liydrosulphunc acid gas, it 
is then closed with a ground stopper, set aside for 12 hours m a warm 
place, to promote the precipitation of the metallic sulphides, aud filtered. 
The filtrate, which is often coloured red from the presence of sesquioxide 
of rhodium or indium, is evaporated; the metallic sulphide w T hich then 
falls down is added to the portion previously precipitated, the liquid 
pouied off fiom that portion of sulphide which has settled upon the sides 
of the vessel, m the form of an unctuous fetid mass, the lattei washed 
with water, and dissolved m aqueous ammonia, and the solution evapo¬ 
rated m a platinum ciucible 

15 The remaining, and still moist poition of the metallic sulphides 
(palladium, rhodium, indium, and coppei), is also put into the same 
crucible, and roasted as long as sulpliuious acid continues to go off, after 
winch the mass is digested m strong hydrochloric acid. 

16. The hydrochloric acid solution of (15), containing palladium and 
copper, leaves, when evaporated with chloride of potassium and nitric 
acid, a dark saline mass, fiom which alcohol of sp gr. 0'833 dissolves the 
free chloride of potassium, and likewise chloride of copper and potassium, 
together with a mere trace of palladium (to be precipitated with cyanide 
of mercury), while the gieater part of the chloride of palladium and 
potassium remains undissolved The lesxdue, after being washed on the 
filter with alcohol, is dissolved in w r atcr, and the solution treated with 
cyanide of meieury, the lesulting precipitate of cyanide of palladium 
yields, when ignited, metallic Palladium . 

17. The metallic sulphides (3.5), after roasting and exhaustion wuth 
hydrochloric acid, are fused with bisulphate of potash, exhausted with 
water, again fused with bisulphate of potash, <fcc, till the watei no longer 
becomes coloured by taking up oxide of rhodium This solution, which 
contains the greater part of the oxide of rhodium, often mixed with a little 
protoxide of palladium, is treated as in (9). 

18 The mass exhausted by bisulpbatc of potash is resolved, by 
digestion in aqua-regia, into a small quantity of Platinum , which dissolves, 
and Indium , which remains behind. 

19. The liquid, from which the metallic sulphides (14) have been 
precipitated, contains iron, together w lth small quantities of iridium and 
rhodium, and a trace of manganese; it is treated with nitric acid, to bung 
the iron completely into the state ot sesquioxide, and then precipitated by 
ammonia. 
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20. The precipitate contains ferric oxide, together with the oxides of 
iridium and rhodium, and a small quantity of silica (which remains behind 
when the oxides are dissolved m hydrochloric acid). It is reduced by 
hydrogen gas, and freed from iron by hydrochloric acid, which is heated 
towards the end of the operation. Indium and rhodium then remain m 
the form of a peculiar black powder, which, when gently heated m the 
air, decrepitates with incandescence, but m close vessels gives out water 
without incandescence 

21. The liquid (19), after precipitation by ammonia, is evaporated with 
a quantity of carbonate of soda sufficient to decompose the ammomacal 
salts, the xesidue gently ignited, exhausted with water (if too much heat 
has been applied, the water acquires a yellow colour from dissolved oxides), 
then with hydrochloric acid, which takes up the manganese, and the 
remaining mixture of oxides of rhodium and iridium is added to the 
metallic sulphides (15) which have been roasted and tieated with hydro¬ 
chloric acid; so that the whole may be fused, as described m (17), with 
bisulphate of potash. 

23. The poition of the platinum ore (4) which is insoluble in aqua- 
regia consists of grains and scales of the alloy of osmium and indium, of 
sp. gr. 15 78, of grains of sand, and other foreign bodies, and likewise, if 
too much nitric acid (2) has been used m dissolving the platinum oie, of 
oxide of indium, in the form of a black powder, which looks like 
cbaicoal, and has a great inclination to run through the filter It is 
broken up m a steel mortar, or on the anvil, with a steel hammer, then 
pulverized as finely as possible m a stone-ware mortar, the powder freed 
by long boiling with hydrochloric acid from the iron which has been 
introduced into it from the mortar, and mixed, after drying, with an 
equal weight of nitre (if a laiger quantity of nitre is used, or if com¬ 
bustible matters are present, the mass is very apt to fioth over) The 
mixture is then heated m a porcelain retort, gently at first, and aftei- 
wards to a full red heat, as long as gas continues to escape, and the 
vapours of osmic acid aie passed into a tubulated receivei, and thence 
through a connecting tube into a bottle containing dilute ammonia 
(Instead of the nitre, Fischei lecommends nitrate of lime, which, he says, 
decomposes the osmium-indium more easily, so that a capacious glass 
retort may be used m place of the porcelain retoit ) 

24 The mass is mixed with water, to dissolve all the sal me con¬ 
stituents, the mixture put into a tubulated retort, the solution, when 
clear, decanted off, water again poured on the lesidue in the retort, and 
the liquid again decanted 

25 The decanted liquids which contain potash m combination with 
nitric, silicic, chromic, and osmic acid, together with a little sesquioxide 
of Iridium, are distilled with hydrochloric acid (but without actual 
boiling, otherwise portions will spirt over), whereupon all the osmic acid 
passes over [The indium left m the residue is probably obtained by the 
method described m (27) 

26. The substance which remains unchssolved in the retort is distilled 
with hydrochloiic acid m the water-bath, till a sample taken out of the 
retort no longer exhibits any traces of osmic acid. The distillate contains 
osmic acid, together with a small quantity of chlorine. 

27. a. The residue in the retort is treated with a small quantity of 
water, which dissolves hydrochlorate of chromic oxide, and is then throw n 
upon a filter, the chloimdiate of potassium which thcie remains is ficcd 
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from adhering hydrochlorate of chromic oxide by washing with alcohol. 
(The aqueous and alcoholic solution, when diluted with water, deposits 
titanic oxide, mixed with silica and zircoma) The chlonridiate of 
potassium is ignited with carbonate of soda m a porcelain retort, m order 
to collect any osmie acid that may be volatilized The residue is treated 
with water, and the undissolved oxide of indium freed from any platinum 
that might be mixed with it by boiling with aqua-regia, and from rhodium 
by fusion with bisulphate of potash The oxide of indium, which 
obstinately retains a small quantity of osmium, is i educed at a veiy gentle 
heat by a stream of hydrogen, afterwards kept at a red heat in the air, as 
long as osmium continues to oxidize and go off m vapour, again reduced by 
hydrogen and once more oxidized m the air, and the greater part of the 
osmium thereby removed If, however, too stiong a heat be applied, the 
two metals combine intimately and shrink together, whereby the com¬ 
bustion of the osmium is lendered more difficult The reduced iridium 
may also be gently ignited m a stream of oxygen or cklonne gas, and the 
gas passed into ammonia, to prevent any of the osmium from escaping 

jS Or, instead of 2d and 27 The portion insoluble m water, instead 
of being treated with hydrochloric acid, is distilled m the water-bath with 
excess of nitric acid, till a portion taken out of the retort no longer gives 
out any odour of osmium. [This process likewise does not sepaiate all 
the osmium, but much more than the former, moreover, the distillate is 
fiee from chlorine and nitric acid.] The dark purple nitric acid solution 
leaves, on evaporation, a residue of mtie and nitrate of protoxide of 
indium The residue, insoluble in nitric acid, is washed and treated with 
nitric acid, which forms a green mass, and, if the heat be continued, dn 
solves neaxly the whole as Se&quichlot ide of Indium, forming a gieeu 
solution, and causing an evolution of cklonne If strong aqua-regia he 
used instead of hydioclilonc acid, a solution of Bichloride of h idam is 
obtained. 

28. During the distillation (25 or 26), part of the osmic acid sublimes 
in the crystalline form, and the rest dissolves in the water which passes 
over. The first fourth of the distillate contains the largest quantity of 
osmic acid, the last three-fourths contain but little of it, and may be 
contaminated with chloride of iridium mechanically carried over For 
the preparation of metallic osmium from the aqueous solution, the two 
following methods are used * 

a. The solution is mixed with a small quantity of hydrochloric acid, 
and digested with meicury at 4CF m a closed flask The liquid gradually 
acquires a brownish colom, fiom foimation of protochloride of osmium, 
but becomes colouile^s after several daysMigestiou, the chlondeof osmium 
being decomposed, and a imxtuie formed, consisting of calomel, pulverulent 
osmium-amalgam, and excess of mercuxy containing a portion of the 
amalgam in solution. This mixture, when washed and dried, then placed 
in a retort or a widened glass tube, and beated m a stieam of hydrogen 
gas, leaves osmium m the form of a black powder or a porous mass If 
the liquid above the mixture is still somewhat coloured, and therefore 
contains osmium, it is mixed with ammonia, evaporated to dryness, and 
the residue ignited m a retoit; the osmium reduced by the hydrogen of 
the ammonia remains behind. 

Or, j3. The osmic acid is supersaturated with ammonia, the light 
yellow mixture heated for seveial hours to a temperature between 40° 
and 60° m a flask not perfectly closed, whereupon it gives off nitric oxide, 
becomes darker, and ultimately black-brown and opaque, the liquid then 
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left in a basin to evaporate, which gives rise to evolution of ammonia and 
precipitation of a compound of ammonia with sesquioxido of osmium ; 
and the piecipitate washed upon a filter. Should the filtrate be still 
coloured blown or yellow by sesquioxide of osmium, which happens when 
the liquid contains hydrochlonc or nitric acid, the oxide must be precipi¬ 
tated by evaporation with caustic potash The compound of ammonia 
and sesquioxide of osmium obtained by both these methods is dissolved m 
warm concentrated hydrochlonc acid, the solution evaporated to diyne.s 
after the addition of a small quantity of sal-ammoniac; and the lesiduc 
heated m a letoit, as long as hydrochloric acid, nitrogen, and sal- 
ammoniac continue to escape The osmium is then left in the form of a 
lead-grey mass, having the metallic lustre. 

1). Shorter Process , adapted to the Preparation of the five Metals . 

(Lehrbuch ) 

1—4. As in o 

5 The filtrate (4) is precipitated by excess of a saturated aqueous 
solution of chloride of potassium, without pievious addition of alcohol. 

6 The precipitate is washed with the saturated solution of chlomlc 
of potassium, till the liquid which runs through is no longei colouied blue 
by feirocyamde of potassium 

7 Platinum and Indium. The precipitate is then diied, intimately 
mixed with twice its weight of carbonate of potash, and gradually heated 
till the mass begins to melt This mass is tieated with water, and after¬ 
wards with dilute hydrochloric acid, and the mixture of platinum and 
oxide of iridium is collected on a filter, washed with water, and diied — 
8 and 9 are thus dispensed with 

10—12. From the mixture on the filter, the greater pait of the 
platinum is extracted m the pure state by dilute aqua-iegia slightly 
heated, and afterwards the rest of the platinum by strong aqua-iegia, 
with addition of common salt, as in a, 11 But as the lattei solution also 
contains indium, it is precipitated with chloride of potassium—the pieci¬ 
pitate treated, as in a , 7, with carbonate of potash, watei, hydiochlonc 
acid, and watei—and the pure platinum extiacted fiom the residue by 
aqua-iegia. The pure platinum solutions thus obtained, which should 
exhibit an orange-yellow coloui (not a blown, as that would indicate the 
presence of indium), are precipitated by solution of sal-ammoniac, and the 
precipitate of chloroplatmate of ammonium gradually heated to low led- 
ness (if the heat be too rapidly applied, the chlonde of platinum partly 
volatilizes with the sal-ammoniac). The residue is pure Platinum, The 
liquid, after precipitation by sal-ammoniac, still contains a ceitam quan¬ 
tity of platinum, on dissolving sal-ammoniac in it, the greater pint of 
the platinum is precipitated as chloroplatmate of ammonium, and the 
whole of that metal is obtained by evaporating the liquid to dryness, and 
igniting the residue. 

13. The oxide of iridium (10 to 12) is reduced by hydrogen to the 
state of metallic Iridium 

14—16 Palladium The liquid (5) from which the chloroplatmate 
and chlorindiate of potassium have been precipitated by chlonde of potas¬ 
sium, together with the wash-water (6), contains palladium, rhodium, 
copper, and iron, still mixed with a small quantity of platinum and 
iridium. It is acidulated with hydrochloric acid, and the noble metals, 
together with the copper, precipitated by a plate of ziue or iiou. The 
precipitate is digested with hydrochloric acid, well washed with water, 
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and dissolved in aqua-regia* tlie solution neutralized as exactly as pos¬ 
sible with carbonate of soda, and piecipitated by cyanide of meicuiy. 
The precipitated cyanide of palladium, which is coloured somewhat greenrdi 
by copper, is then washed with water, and ignited, the residual palladium, 
containing copper, dissolved in aqua-regia , a quantity of chloride of 
potassium added, equal to half the weight of the palladium, the solution 
evaporated to dryness, finally with addition of a small quantity of aqua- 
regia, and the lesidual dark-red cliloi opalladite of potassium pounded 
up, washed with alcohol, which extiacts the chlorocuprate of potassium, 
and then ignited m a porcelain crucible, either strongly by itself, or more 
gently with addition of sal-ammoniac. The residue consists of Pal¬ 
ladium. 

37—20. Rhodium . The liquid, after precipitation by cyanide of 
mercury, together with the wash-water (14—16), containing rhodium and 
copper, together with small quantities of platinum and indium, and like¬ 
wise mercury, is mixed with hydrochloric acid and evaporated to dryness, 
to drive off hydrocyanic acid.— a The residue, after being diied and 
finely pulverized, is either digested in alcohol of sp gr. 0 837, winch 
dissolves the chloroplatmate, ckloiocuprate, and chloroniercurate of sodium 
[also the chlonridiate], and leaves the chlororhodiate m the form of a 
dark-red powder; and this, after sufficient washing with alcohol, is ignited 
either stiongly by itself, or gently m a current of hydrogen gas, after 
which the Rhodium } which remains m the form of a white, coheient mass, 
is purified fiom chlonde of sodium by water—Or, /3. The dry residue is 
mixed with 1<| times its weight of carbonate of potash, and ignited, the 
potash-salts dissolved out by water, and the cupric oxide by hydrochloric 
acid, the residue mixed with 5 times its weight of bisulphate of potash; 
the mass kept m a state of red-hot fusion m a coveied crucible, till it 
shows an inclination to solidify, the fused product boiled with water; 
and the undissolved portion repeatedly tieated with bisulphate of potash 
and water, till the potash-salt no longer becomes coloured when fused 
The rhodium solutions thus obtained, when evaporated and ignited with 
excess of caibonate of potash, leave a residue, which, after washing with 
water, yields oxide of rhodium; and this, when ignited either strongly 
2 >cr se , or gently m contact with hydrogen, leaves metallic Rhodium . 

23—26 Indium and Osmium. As in a, 23—26. 

27 Indium. The residue (25) which lemams after distillation with 
hydrochloric acid [and likewise that of 24*2], is diluted with water suffi¬ 
ciently to enable the liquid to pass through the filter The substance 
which remains on the filter is washed with alcohol of 60 per cent, as 
long as the liquid which runs through exhibits a green colour — a. Tho 
filtrate, together with the alcohol used m washing (containing titanium, 
cluomium, iron, and a little indium), is evaporated to drive off the 
alcohol, then diluted with water and boiled—wheieby titanic acid is pre¬ 
cipitated—after which it is filtered, and the iridium precipitated from the 
filtrate by zmc — b The mass washed with alcohol gives up the chloiiii- 
diate of potassium to boiling water. The filtrate is evaporated to dryness, 
the residue intimately mixed with twice its weight of caibonate of potash, 
and heated in a silver crucible, till it begins to fuse (in a platinum crucible, 
clilorindiate of platinum might be formed befoie the potash had begun to 
exert its decomposing action); the chloride of potassium and carbonate of 
potash dissolved out by water, the sesquioxide of iridium—which is still 
contaminated with osmium, rhodium, platinum, and perhaps with palla¬ 
dium—washed on the filter with water containing sal-ammoniac (if puie 
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water were used, the sesquioxide of iridium would run through the filter), 
then freed from platinum by digestion m aqua-regia, and from ihodium 
and palladium by repeated fusion with bisulphate of potash and subsequent 
digestion m water, and lastly, the oxide of indium is washed with boiling 
water, and the iridium leduced from it, either by strong ignition per se, 
or by moderate ignition m an atmosphere of hydrogen. 

With the purer grains of osmium-iridium, which are white aud 
stiongly lustrous, have a specific gravity of 18 644, and are much richer 
in osmium, and not contaminated with foreign metals, the best mode of 
proceeding is to ignite the mass with nitre—heat the product over the 
water-bath with excess of nitnc acid, whereby the osmic acid is distilled 
over—dilute the residue m the retort with water—filter—and evaporate 
the pale purple filtrate containing nitre and nitrate of iridic oxide, till the 
excess of nitric acid is driven off, it then acquires a dark green colour, 
and when gently heated, deposits the iridic oxide.—The greater part 
of the iridic oxide remains on the filter. It is thoroughly washed with 
water—digested with strong hydrochloric acid, which at first acquires a 
green colour and gives off chlorine (in consequence of nitnc acid still 
remaining), but afterwaids turns biown when the heatiises to the boiling 
point—after which the residue is w r ell washed, and the filtrate mixed 
with sal-ammoniac, which precipitates chlorindiate of ammonium m the 
form of a black crystalline powder. The supernatant liquid, which still 
contains protochloiide of indium and ammonium, leaves this compound 
behind when evaporated to diyness. From the two double salts, the 
iridium is obtained by ignition.—The portion insoluble m liydioclilonc 
acid consists of undecomposed osmium-indium, insoluble iridic oxide, and 
silica derived from the porcelain retort. After the latter has been dis¬ 
solved out by boiling with aqueous carbonate of potash, the residue is 
pulverized, again fused m the retort with nitre, and treated m the manner 
just described. 

28. Osmium, As in a, 28. 

C. According to Fr Dobereiner and Fr . Weiss 
(Ann, Fhai m 14, IT, and 251 ) 

1. The platinum ore is heated m a retort with nitric acid, the required 
quantity being put m at once, and strong hydrochloric acid added by 
small portions at a time As soon as the hydrochloric acid present is all 
decomposed, the liquid begins to jump, which is a sign that more hydro¬ 
chloric acid is required 

2. The distillate thus obtained is purified by repeated rectification 
from matter mechanically carried over, it is then nearly neutralized with 
potash or lime, and heated to the boiling point with foimiate of potash. 
The osmium is thereby precipitated in the form of a blue powder, with 
evolution of carbonic acid. 

3 The solution of the platinum ore (1) is filtered from the undis- 
sohed portion, which is then washed; the filtrate and washings, mixed 
in a dark place and in the cold, with milk of lime, till the liquid is nearly 
neutralized j after which, lime-water is added in large excess, the liquid 
filtered as quickly as possible and tbe filter washed with cold lime-water 
All these operations must be performed as far as possible m tbe dark, 
at all events only by candle-light. Tbe oxides of tbe other metals (as 
Herschel has shown) are precipitated by tbe lime, but the platinum is 
not, provided day-light be excluded. 
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4 The filtrate, 'which contains all the platinum, together with a little 
palladium, is immediately mixed with a slight excess of hydrochloric acid, 
whereby any turbidity that may have been produced by the action of 
light is removed—and the metals precipitated in a warm place by zinc, 
till the solution is decolorized. The liquid is then decanted, the zinc 
freed from adhering platinum by means of a feather and hydrochloric 
acid, and the platinum washed m the vessel in which it was precipitated, 
first with dilute hydrochloric acid, then with boiling water, and lastly 
with nitric acid free from chlorine, to dissolve out the palladium. The 
platinum then remains m the form of platinum-black. 

5 From the nitnc acid solution (4), after complete neutralization 
with carbonate of soda, the palladium is piecipitated by cyanide of 
mercury. 

6 The Platinum , after being washed with the three liquids as 
descubed m (4), is in the form of platinum-black. To free it from char¬ 
coal derived from the zinc, it is ignited m a covered crucible so that nothing 
may be lost by defiagiation. 

7. The precipitate (3) produced by the lime is dissolved, while yet 
moist, m hydrochloric acid—the solution, after being nearly neutralized 
with carbonate of soda, is precipitated by cyanide of mercury—and the 
liquid filtered. 

8 The precipitate (7) consisting of cyanide of palladium and cyanide 
of copper, is washed on the same filter with the one obtained m (5), after 
which it is ignited and dissolved m water. The solution is separated by 
filtration fiom any chaicoal that maybe present, nearly neutralized with 
carbonate of soda, and heated m a capacious vessel with formiate of 
potash and a small quantity of acetic acid, the formiate of potash being 
added as long as it causes an evolution of carbonic acid. The Palladium 
then separates m large shining laminae, while the copper remains m 
solution. 

9. The liquid filtered from the cyanide of palladium (7), together with 
the wash-water, is mixed with sal-ammoniac and evaporated to dryness. 
The pulverized residue is then repeatedly digested m alcohol of sp. gr. 
0 833, which does not dissolve out any chlororkodiate or chlonridiate of 
ammonium, as long as chloride of iron is still present The alcoholic 
solution contains cyanide of mercury, together with sesquichlonde of iron 
and traces of chloiide of copper 

10 The residue is washed with alcohol and digested with hydrochloric 
acid to dissolve out the non, and the rhodium separated from the indium 
by fusion with bisulphate of potash, according to the method of Berzelius 
(p. 261, No 17 ) 

11 The portion of the platinum ore which is insoluble in aqua-regia 
is treated with ammonia to dissolve out any chloride of silver that it may 
contain (No particular method is given for the further treatment of the 
alloy of osmium and indium, but in this part of the process also, 
formiate of potash might be useful for the ieduction of the osmium ) 

Methods specially adapted for separating the Platinum . 

a Descotils {Mem. tPArcueil ; also Glib 27, 231, comp. Hess, J . pr. 
Cliem. 40, 498) gradually adds 1 pt of platinum ore to 4 parts of zinc m 
a state of fusion; covers the crucible, exposes it to a powerful heat in a 
wiud-furnace, the diaught of which is strengthened by putting a high 
dome upon it, takes the crucible out after half an hour; reduces the 
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greyish white, somewhat granular alloy to a fine powder; and dissolves 
out the zinc with oil of vitriol diluted with three times its weight of 
water, heat being applied towaids the end of the process. 'When the 
dilute sulphuric acid no longer exerts any action, nitric acid is likewise 
added to it, and finally the alloy is sometimes treated with hot oil of 
vitriol, this, however, and the mtnc acid dissolve a little platinum and 
palladium as well as the zinc The finely pulverized residue thus puri¬ 
fied from zmc, and then washed and dried, deflagrates with a hissing 
noise when heated, but after being washed with hydiochloiic acid, no 
longer exhibits this phenomenon. After washing, it iequnes to dissolve 
it only 4 times the quantity of stiong aqua-iegia (consisting of 1 pt nitric 
and 3 pts. hydrochloric) that was used to dissolve the platinum ore. It 
is best to pour all the nitric acid upon it at first, and then add the hydro¬ 
chloric acid m small portions The solution is separated by decantation 
from the black residue (osmium-indium'), evaporated to dryness, dis¬ 
solved m water, which leaves behind all the gold in the metallic state, 
then mixed with cyanide of mercury, which throws down cyanide of 
palladium, filtered, and mixed with carbonate of soda free from potash 
and not in excess, which throws down sesquioxide of iron, while the 
cliloroplatmate of sodium which is formed and lemams m solution, is not 
decomposed. The iron precipitate is separated from the platinum-solution 
by filtration, or better by decantation, and thoroughly washed Should 
it contain platinum, that metal is precipitated from the solution in hydro¬ 
chloric acid by sal-ammoniac The liquid containing the chloroplatinate 
of sodium, which should contain a slight excess of acid, and should be 
neither too concentrated nor too dilute, is mixed with a sufficient quantity 
of carbonate of soda to give it a slightly alkaline reaction, and then exposed 
for some time to the air—most advantageously at a tempeiatuie between 
50° and 60°—whereupon it deposits the indium in the form of a green 
precipitate, from which the liquid is separated by filtration This liquid 
saturated when cold with hydrochloric acid, and mixed with sal-ammoniac, 
deposits nearly pure chloroplatinate of ammonium, which is washed with 
a small quantity of water (The small quantities of platinum and indium 
which remain m the liquid, are precipitated by liver of sulphur ) As a 
huge quantity of platinum is mechanically carried off during the ignition 
ol the chloroplatinate of ammonium, the be^t method is to ignite it, after 
thorough diymg, m an eaithen retort. The spongy platinum is well 
boiled v r ith water and then with dilute sulphuric acid, afterv r ards washed 
with water, re-dissolved m aqua-regia, and precipitated by sal-ammoniac. 
The chloroplatinate of ammonium thus obtained yields, on ignition, 
peifectly pure platinum. 

h . Bidolfi (Sclav. 24,39) fuses the ore with lead, then with sulphur, &e. 

Special processes for the treatment of the residue insoluble in aqua-regia. 

( Osmium-ind him.') 

a. According to Wohler (. Pogg . 31, 161, also Ann. Pharm 9, 149; 
further Jahresler. 15, 147). 

1. The residue need not be pulverized, but the coarser grains of 
osmium-indium may be picked out. Ammonia is then poured upon the 
residue to dissolve out the chloride of silver, which, at all events, is pi o- 
duccd in the working of the American ore The residue, after drying, 
is mixed with an exactly equal weight of deciepitated common salt, and 
the mixture heated to low xedness m a long, wide glass tube. Through 
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one opening of this tube, undiied chlorine gas is slowly introduced, the 
other end passing into an empty receiver., from the tnbnlure of which, the 
chlorine gas, which remains uncombined, together with the vapours of 
osmie acid, is conveyed by means of a bent tube into aqueous ammonia 
In this manner, chloiindiate of sodium and chlorosmiate of sodium are 
produced, while the titanate of non remains unaltered. The osmium-salt 
is decomposed by the moisture of the chlonne gas, into hydrochloric acid 
and osmic acid, which volatilize, and metallic osmium and chloride of 
sodium, which remain behind, with these latter substances, the chlorine 
again forms chlorosmiate of sodium, which is again decomposed, &e., so 
that, ultimately, the greater pait of the osmium volatilizes in the form of 
osmic acid, while a small poition sublimes at tbe colder end of the tube 
in the form of green or red chloride of osmium If the chlorine be 
gradually evolved, it is wholly absorbed, and when, after a few hours, 
bubbles of it pass over into tbe ammonia, we may know that the process 
is at an end. In an experiment performed by Joss (J pr Okern 4, 371) 
in which the chlorine was too lapidly evolved, chloride of nitrogen was 
formed, he therefore lecommends the use of carbonate of soda instead of 
aqueous ammonia, Berzelius recommends an aqueous solution of potash 

2. The ammoniacal liquid, coloured yellow by osnne acid, is mixed 
with sal-ammoniac and carbonate of soda, and evaporated to dryness, 
the residue gently ignited m a retoit, and then digested m water to dis¬ 
solve out the soluble salts, whereupon the osmitfm is left behind m the 
form of a black powder. In a similar manner, the sublimed osmic acid 
may be dissolved m aqueous ammonia, and treated as above Or if it be 
preferred to preseive the osnne acid as such, the leceivei may be coikcd 
and gently heated to the melting point of the acid, and the fused product 
poured into a well-closed bottle, oi into a glass tube vlnch is afteiwards 
hermetically sealed. These opeiations, however, must be performed with 
tbe greatest caution, on account of tbe injurious action of the osnne acid 
vapour on tbe eyes and respiratory organs 

3. The tube (1), together with its slightly aggregated contents, is 
placed m water, and the deep brown aqueous solution—which smells of 
osmic acid, produced by the decomposing action of the water on the 
chloride of osmium—is separated from the insoluble portion, and distilled 
to half its hulk in order to volatilize the osmic acid, which is then taken 
up by the aqueous ammonia m the receive!, and reduced as m (2) 

4. The liquid (3), remaining m the retort, is filtered, and the filtrate, 
which contains chloiindiate of sodium, and neither palladium nor rhodium, 
is evaporated, with gradual addition of carbonate of soda, whereupon a 
biown piecipitate is at first piodueed, and afterwaids a brown-black one 
Tbe whole is then evapoiated to dryness, the black mass gently heated 
in a hessian crucible, the residue digested in hot water, which takes up 
chloride of sodium, carbonate of soda, and a small portion of cbxornate; 
and the insoluble residue of black, pulverulent sesquioxide of iridium, 
which still contains a large quantity of soda, together with small quan¬ 
tities of iron, osmium, and platinum, is washed and dried The sesqui¬ 
oxide of iridium is reduced by hydrogen gas, and at a high temperature, 
to ensure complete reduction (although the reduction takes place, with 
incandescence, even at ordmaiy temperatures), and the indium is freed 
from soda by water, from iron by strong hydrochloric acid, and then from 
platinum by aqua regia The indium, together with the filter, is then 
inclosed within a considerable number of folds of paper, and pressed hard 
into a cake m a screw-press; after which it is diied and exposed to a 
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violent heat in a blast-furnace The indium then remains in tbe form of 
a grey, tolerably compact mass, susceptible of polish. 

5. The residue (3), insoluble m water, weighs from 25 to 30 per 
cent, less than the original (impure) osmium-iridium. It is contaminated 
with a small quantity of metallic osmium, proceeding from the decom¬ 
position of the chloride of osmium by water. To puiify it further, it is 
again mixed with common salt, which need not exceed half its weight, 
then treated with chlorine, &c, whereby it still loses from 5 to 7 per 
cent of osmium, iridium, and iron. 

Berzelius considers this mode of treating the osmium-iridium as the 
easiest and most advantageous of all 

b. According to Persoz (Ann. Ohim Phys . 55, 210, also J. pr. 

Ghent. 2, 473) 

1. A mixture of 1 pt of osmium-indium, 2 parts of dry carbonate of 
soda, and 3 parts of sulphur, is put into a red-hot earthen crucible, which 
is heated to whiteness foi a few minutes with the covei on, then taken 
out of the fire, and broken to pieces when cold. Three layeis are found 
within it; at the bottom, a metallic-looking, crystalline mixture of metallic 
sulphides, also containing sulphide of sodium,—m the middle, pure 
sulphide of sodium, intermixed with a few crystals of the lower mass, 
and at top, a brownish ^eiust of silicate [probably also titanate 2] of soda 

2 The two lower layeis are together treated with water, and the 
insoluble matter separated from the dissolved portion by subsidence and 
decantation, and washed m the same manner wnth water The water 
principally holds sulphide of sodium m solution, but also, according to Fr. 
Weiss & Fr Dobereiner (Ann. Pharm 14, 16), a considerable quantity 
of sulphiridiate and sulpkosnnate of sodium, which give it a deep grass- 
green colour, and are precipitated green by acids. 

3. The undissolved portion consists of the sulphides of indium, 
osmium, iron, and perhaps also platinum. The iron is extiacted by 
dilute hydrochloric acid, and the giaphite-like residue, consisting of the 
sulphides of iridium and osmium, is washed and dned, then mixed wnth 
three times its weight of mercuric sulphate, and heated to strong ledness 
m an earthern retort provided wnth connecting tube and receiver, which 
causes a copious evolution of sulphurous acid. 

4 In the neck of the retort is found a compound of osmic oxide with 
mercury [meicurie oxide ; it is gently heated in a slightly inclined 
glass tube, through which a stream of hydrogen is passed, mercury then 
volatilizes, and metallic osmium remains behind. 

5. In the connecting tube tlieie is found a blue liquid containing 
osmium, sulphur, and oxygen. By treating it with water, it is converted 
into a bine powder, which is washed, dried, and, as m (4), reduced by 
hydrogen to the state of metallic osmium, water and suljjlmretted hydrogen 
being at the same time evolved. 

6. The iridic oxide remains in the retort, and is reduced to the 
metallic state by hydrogen gas at a high temperature. The osmium, 
which is sometimes, though rarely, mixed with the indie oxide, may be 
3 emoved by fusion with hydrate of potash m a silver crucible, and sub¬ 
sequent washing with water, which then extracts osnnate of potash. 

(The osmium-indium is almost completely disintegrated by ignition 
with pentasulpkide of sodium, so that, after being well washed with water, 
it may be almost wholly oxidized by ignition with 1 part of carbonate of 
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potash and 2 parts of mire, and may then be treated with water, dilute 
nitric acid, and lastly, with hydrochloric acid Fr. Weiss & Fr. Bober einn\) 
— Comp. Fellenberg {Fogg, 41, 210, 44, 220). 

c. According to Fremy ( Conipt . Rend . 18, 144). 

The osmium-iridium is ignited in a crucible with three times its 
-weight of nitre—whereby, according to Fiemy, only a small quantity of 
osmium is volatilized, the fused mass, after an hour’s ignition, is poured 
out upon a plate, the face being covered to piotect it from the vapours of 
osnnc acid, the portion soluble m water, distilled with nitric acid, and 
the osmie received in an aqueous solution of potash The residue m the 
retort is digested m water to free it fiom nitric acid, and the iridic oxide 
which remains, is dissolved m hydrochloric acid. On the addition of 
sal-ammoniac to the filtrate, chlormdate of ammonium is precipitated, 
mixed with chlorosmiate of ammonium Sulphurous acid gas passed 
thiougb. water m which the precipitate is diffused, converts only the 
indium-salt into a soluble salt, which separates from the sal-ammoniac 
solution in large brown crystals; and these, when ignited m a current of 
hydrogen, yield metallic indium. 

[For Claus’s method of separating Ruthenium from the osmium-iridium, see 
Chap XLIII.] 


Processes for rendering Platinum malleable. 

The platinum which remains on igniting chloroplatmate of ammonium 
and similar compounds, has the form of a dull, giey, soft, spongy powder. 
To convert this substance into malleable platinum, it must be either fused 
or welded together. For the fusion of platinum per se, the heat of the 
oxy-hydrogen blowpipe, or of Marcet’s blowpipe, is required, hence, it is 
very seldom resorted to on the large scale —Formerly, Jeanety fused 
3 pts of platinum ore with 6 paits of arsenious acid and 2 of pearl-a&h, 
whereby the base metals were converted into slags, ignited the cast 
plates of arsenide of platinum under the muffle till the arsenic was burnt 
away, and hammered together the remaining mass, which had become 
porous from loss of arsenic.—Similarly, Pelletier recommended for this 
purpose the addition of a small quantity of phosphorus, and Mussm- 
Puschkm combined the platinum with mercury, and ignited the amalgam 
under continued pressure Moie recently, these methods have been 
entirely superseded by that of Wollaston, m which the platinum is welded 
together without any addition. 

a Vi ollaston’s Process (Phil. Trans. 1829, 1, also Schiv. 57, 69, also 

Pogg. 16, 158) 

The chloroplatmate of ammonium to be used must be as free as pos¬ 
sible from chlonridiate of ammonium. It is well washed with cold water, 
then dried, and heated gently m a black-lead crucible, not more strongly 
than is necessary to expel the sal-ammoniac, so that the spongy platinum 
may he left, not in a closely aggregated, hut in a loose stafe. It is rubbed 
to powder in the gentlest manner between the hands, pressed through a 
Imen bag, and the coarser pai tides which remain in the bag are tritu¬ 
rated m a wooden mortar with a wooden pestle,—not with any harder 
substance, because the platinum would then acquire the metallic lustre, 
and would not weld so completely as in the contrary case. The powder is 
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finally tuturated with, water, and the finer particles sepaiated from the 
coarser by elutriation. The whole of the finer powdei is then mixed np with 
water to a uniform paste, and pressed into a biass cylinder This cylinder 
is 6f mcheo high, 112 inch m diameter at top, and 1 23 at bottom, its lower 
and wider end is accurately closed with a steel stopper, which enters it 
to the depth of A of an inch, and is wrapped lound with bibulous paper, 
by which the running off of the water is facilitated. The interior of the 
cylinder is smeared with grease, and the cylinder being placed m a glass 
full of water, is itself filled with water, and then completely filled with 
the platinum paste In this manner, all cavities and inequalities arc 
avoided On the platinum paste is laid, first a piece of blotting-paper, 
then a layer of woollen cloth, and part of the water is pressed out of it 
by means of a wooden cylinder held in the hand. A plate of copper is 
then laid upon the paste, so that the cylinder may be introduced in a 
horizontal position into a very powerful lever-press, in which a stamp 
presses on the copper plate. After the pressuie, the steel stopper, which 
closes the lower end of the cylinder, is taken out, and after it the now 
solid cake of platinum This cake is heated to ledness to drive off the 
lemaining watei and the grease, and render it more compact It is then 
placed in an air-furnace ha\mg a "very strong diaught and fed with 
good coke, and exposed foi 20 minutes to an intense heat, which is 
diminished during the last 5 minutes In the furnace, the cake is laid 
by one of its ends on a plate of refractory clay stiewn with pure quaitz- 
sand and placed 2| inches above the grate, and a cylindrical pot is 
inverted over it m such a manner as not to touch the platinum at any 
point. The cake, while still red-hot, is taken from the furnace, laid 
down on one of its bases, and struck repeatedly on the other with a heavy 
hammer. Should it bend, it must not on any account be liammeied on 
the side, as that would break it, but must be straightened by well- 
directed blows on the ends. When the cake has been sufficiently con¬ 
densed by this treatment, it may be biought into any lequned foim by 
heating and hammering, just like any other ductile metal If the plati¬ 
num has become covered, while in the fiie, with feiiugmous scales, it 
must he coated until a moist mixture of equal measuies of boiax and 
ciearn of tartar, heated to ledness m an air-fuinace on a platinum tiay, 
over which an eaithen pot is inverted, and immeised, while still hot, m 
dilute sulphuiic acid, w^hich dissolves the flux m a few horns —Specific 
gravity of the cake (with its inteistices). after pressure, about 10 0, after 
strong ignition, from 17 0 to 17 7; after hammering, 21 2d, after drawing 
out into thick wire, 21 4, and after diawing out iuto very thin wire, 21 d. 
(Wollaston ) 


h. Russian Process for the Coinage of Platinum 

The spongy platinum is triturated dry in a brazen mortar with a 
brazen pestle; the powder sifted through a fine sieve, introduced diy 
into a cast-iron cylinder; and strongly compiessed by a steel die, under a 
powerful screw-press. The cylinder is then taken out of the mould, 
ignited in a pottery-furnace for a day and a half, during which the height 
diminishes by A and the diameter by 1 ^ r , and is thereby converted into 
perfectly malleable platinum. (Sobolew T ski, Pogg S3, 99, also Ann. 
Phaim 13, 42, comp Marshall, Plul J. lag Ann. 11, 321 ) 

For the formation of small platinum crucibles, &c, the steel mortar 
described by Abich (Pogg. 23, 309) may be used. The platinum powder 



MALLEABLE PLATINUM. 


273 


may be introduced into it, either dry or moist; the stamp driven m by 
means of a press, or if that be not at hand, by repeated blows of «i 
hammer, the platinum cylinder then forced out by removing the piece 
which closes the lower end of the mortar, and carefully pressing the 
stamp further inwards, and the cylinder ignited m a crucible, first gently 
in an air-furnace, then more strongly in the blast-furnace, and beaten on 
the anvil while still red-hot. (Gm ) 

Jacquelain (Ann. Gliim . Pkys 74, 213, also J pr. Ghem . 22, 22) pre¬ 
cipitates a solution of 100 paits of platinum m aqua-regia with a mixed 
solution of 25 pts chloride of potassium and 36 pts sal-ammoniac; dries 
the precipitate well, and introduces it into a led-hot platinum crucible by 
small |)oitions at a time, as the reduction goes on; ignites it more 
strongly for 20 minutes after the whole has been introduced, washes the 
spongy mass, first with water containing hydrochlouc acid (to remove 
any fenic oxide that may be piesent), then with pnie boiling water, till 
all the chloude of potassium is dissolved out, heats the platinum, con¬ 
sisting of fine, soft, easily welding laminae, to ledness, introduces it 
while still red-hot, into a heated, polished, cast-iron cylinder, fastened by 
its base to a wooden block which serves as a support; places upon it a 
polished cylinder which fits well into the outei one, strikes the upper 
cylinder first with light but afterwards with heavy blows, by means of a 
rammer, takes out the cake, ignites it again, and presses it once more in 
the cylinder. 

It has also been proposed to ieduce platinum (in the same manner as 
copper) by the electrotype process (Phil 2 Lag J . IS, 442 ) 

P?'ope?'ties of Platinum —Platinum united m compact masses is harder 
than copper, hut softer than iron By loading platinum wires with 
weights, it is found that platinum exceeds all metals m tenacity, excepting 
iron and copper. After gold and siher, it is the most ductile ot the 
metals, and may he drawn out into extiemely thin wires Alone, it may 
be drawn out to the thickness of y qT q an inc ^i but when enclosed 
within a silver wure (I. 409), it may be reduced to -^oVo an( ^ even *° 
3 ~ qW o~o an inch m thickness; m the latter case, however, the wne is 
not coherent in long pieces. (Wollaston, Ann. Phil. 1, 224; also Gilb 
52, 284) It may also be beaten out into very thm laminae, like gold- 
leaf. (Klingenstem, Kastn Arch . 14, 162) A small proportion of 
indium makes it harder and less ductile.—Specific gravity of hammered 
platinum 20*857 (Clarke), 20 9S (Borda), 21*061 (Sickingen), 21*25 
(Faiaday -h Stodart; Wollaston), 2145 (Berzelius), 21*74 (Klaproth), 
23 543, at 17° (Cloud), of platinum united by welding and drawn out 
into thick wire, 214, when drawn out into very thm wne, 215, ot 
platinum fused by the oxygen-gas blowpipe and diawn out into wire, 
21*16 (Wollaston).—Platinum may be welded at a white heat On this 
property is founded Wollaston’s process for giving coherence to platinum 
(p. 271), also that of Marx, for repairing injured platinum vessels 
(p. 275) —It does not fuse per se in the stiongect heat of a forge. Ac¬ 
cording to Faraday and Stodart, it fuses imperfectly if however the fuel 
be not kept from contact with it, fusion takes place from formation of an 
alloy of silicium and platinum.—Fuses in an alcohol flame fed with 
oxygen gas, in the flame of the oxy-hydrogen blowpipe, in the focus of a 
large burning glass, and in the circuit of Children’s galvanic battery. 

Platinum possesses the following advantages over other metals as a 
material for chemical vessels. 1. It withstands oxidation m the air at a 
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red heat as 'well as gold and silver, and is, at the same time, much harder 
and more difficult of fusion —2. It is not attacked either by sulphur or 
by mercury —3 It does not dissolve in any simple acid, so that nitric 
acid and oil of vitriol may be boiled in it, m aqua-regia, likewise, it 
dissolves much less readily than gold —To prevent injury to platinum 
vessels, the following precautions must be observed They are attacked 
by chlorine-water, by mixtures of hydrochloric acid with nitric acid or 
chromic acid and then salts, also with peroxide of manganese and other 
peroxides. No metal must be heated m them to a temperature near its 
melting point, because it wull then form a fusible alloy with the platinum 
and perforate the vessel. This effect is produced with especial facility 
by arsenic, antimony, tellurium, bismuth, zme, cadmium, tin, lead, and, 
at higher temperatures, also by copper and silver—A similar effect is 
produced by the oxides of these metals, also by the salts of arsenic and 
antimonie acid, if any substance be present which can take up their 
oxygen, snch as organic acids, the charcoal of filters, bits of charcoal acci¬ 
dentally dropping m, or even the carbonic oxide gas of the charcoal or 
coke fire, especially at a white heat, at which tempeiature the oxides of 
nickel, cobalt and copper may likewise do mjuiy.—The same danger is 
inclined m fusing phosphoric acid and certain phosphates m platinum 
vessels, inasmuch as by the action of the caibon, an easily fusible phos¬ 
phide of platinum is formed.—When the sulphide or cyanide of an 
alkali-metal is fused m a platinum crucible, a eonsideiable quantity of 
platinum is taken up by it —When a platinum crucible is ignited m an 
open charcoal fire, silicium reduced from the charcoal-ash gets access to it 
and makes it brittle and disposed to crack —When potash-hydrate or 
nitre is ignited in a platinum vessel, the metal is slowly oxidized, but 
more quickly than silver or gold, with formation of platmate of potash , 
similarly with soda, and still more with lithia —Phosphonc acid may be 
fused m clean platinum vessels, provided all reducing agents be kept 
away, the metal not becoming buttle till after more than 1000 fusions 
But if the platinum contains arsenic, as is the case with that piepaied by 
Jeanety’s process, it is attacked by phosphoric acid piepaied fiom phos¬ 
phorus by the action of nitric acid, though not by that which is obtained 
from bone-ash by sulphuiic acid The vessel first acquires a blue tarnish, 
and is afterwards coiroded, even to perfoiation. At the same time, the 
fused phosphonc acid turns yellow, becomes coveied with a metallic film, 
which afterwards disappears and imparts a brown colour to the acid, and 
the aqueous solution of the acid, when treated wnth sulphuretted hydrogen, 
yields sulphide of platinum together with sulphide of arsenic (Stieren, 
Repeit 39, 1.)—Gay-Lussac & Thenard (. Reeherches , 1, 292) ob&ened 
that platinum crucibles are quickly perforated when boiacic acid con¬ 
taining sulphuric acid is fused m them. Probably their crucibles also 
contained arsenic, at all events, the author has frequently peifoimed 
this fusion without any injury to the crucibles —To test platinum vessels, 
they should be boiled first with hydrochloric acid, then with dilute nitric 
acid, and an examination subsequently made of the acids, to ascertain 
whether they have dissolved anything, and if so, what is its nature. 
(Stieren.) 

To clean platinum crucibles which have been used, fiom adhering 
oxide of iron and other impurities, they may be smeaied with a mixture 
of equal measures of pounded borax and cream of tax tar made mto a 
paste with water—ignited till the flux fuses—and then immersed for 
several hours in dilute sulphuric acid, which dissolves the flux. (Wol- 
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laston ) Or the crucibles to be cleaned may be placed one within the 
other—a little bisulphate of potash put into each—the whole heated for 
a while, so that the fused mass may surround the crucibles within and 
without—and then washed with water. (Gm.) 

Perforated and otherwise injured platinum vessels may be repaired by 
welding. The requisite conditions are * A bright surface, a strong red 
heat, and moderate hammering If the surface is not clean, it must be 
scraped bright and smooth with the shaip edge of a file, but must not be 
polished. Moreover, the surface must be quite free from iron-spots and 
rust, and should therefore not be struck with an iron hammer. Pei feet 
welding requires a white heat, but platinum surfaces begin to adhere 
together at a zed heat. While the union is being brought about by 
hammering, the pieces must be at least at a red heat. Only moderate 
blows must be given, not strong enough to beat the metal out A suc¬ 
cession of shoit, film strokes, given as quickly as possible after the 
metal has been taken out of the fire, is most effective. Small pieces 
of the metal aie heated before the blowpipe or the glass-lamp upon 
charcoal, larger pieces, in the forge —To mend a crack at the edge of the 
crucibles, a nanow bent piece of platinum-foil is suspended over the 
crack and pressed close—the crucible bound round at the lower part with 
iron wire—then put into the fire with a pair of tongs—thence, when 
white-hot, transferred to the pointed end of the anvil, and subjected to 
moderate blows with a broad, smooth hammer. If the welding is not 
complete, the opeiation must be repeated —When a crucible is perfo¬ 
rated with a small hole, the end of a platinum wire of proper thickness is 
passed tblough, beaten flat at the end, nipped off with the pliers on the 
other side, and beaten out there also This rivet, when heated to white¬ 
ness, welds firmly under the hammer—To mend laigei holes, a piece of 
platinum-plate of pioper size is beaten out, and fastened with one or raoie 
rivets, for which holes have been previously boxed. After proper welding 
the join is no longer visible. (Marx, Schw 66, 159.)—(It had previously 
been stated by Wollaston (. Pogg 16, 160), that a platinum wire cut 
through obliquely with a shaip tool, and joined together by the cut 
surfaces, may be readily welded together under the hammer at a red heat, 
but that the union would not take place, or but imperfectly, if the cut 
surfaces had been previously polished. 

Platinum-Deposits on Glass 

a When bichloride of platinum is gently heated with alcohol, a brown 
mass is obtained, which readily chars when heated. On dissolving this 
mass m alcohol, dipping a glass into the solution, turning it about in 
several directions so that the liquid may diffuse itself umfoimiy over it, 
and then heating the glass to redness over a spirit-lamp, a shining deposit 
of platinum, which cannot be rubbed off, is left upon it. But m contact 
with zinc and dilute sulphuric acid, it immediately separates m delicate, 
transparent laminte. (Dobeiemer, Schw 54, 414 ) 

b The aqueous solution of platmate of potash or soda, mixed with 
one-fourth of its volume of alcohol, then introduced into a graduated glass 
tube, and exposed to sunshine, deposits the whole of the platinum m a 
film of such extreme thinness, that the glass tube still appears transparent 
and merely turbid In this tube, detonating gas quickly condenses; it 
may be used several times as a eudiometer over water (but not over 
mercury), without losing its efficiency. (Dobereiner, Kasin. Arch. 9,341 ) 
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Y According to Liidersdorf, a specular deposit of platinum ( platinum- 
lustre ) may be formed on all glazed surfaces, and therefore both on por¬ 
celain and on glass, by dissolving bichloride of platinum which has been 
evaporated to dryness without decomposition, m alcohol of 95 or 96 per 
cent., and slowly pouring the solution into five times its bulk of oil of 
lavender. Pioloclilonde of platinum is theieby produced, and remains 
dissolved, in consequence of the simultaneous founation of acetic or 
hydrochloric acid. With vessels having a lead-glazing, the burning-in 
takes place at a low red-heat, with porcelain and glazings free from lead, 
at a blight red heat.—The method formerly adopted for producing pla¬ 
tinum-lustre on earthenware, was by means of an emulsion of platinum- 
solution and lmseed-oil, it was applicable only to glazes containing lead. 
(Ludersdorf, Dmgl.pol . J . 105, 36 ) *11 

Platinum-Deposits on Copper and Brass 

The copper or brass, previously cleaned with sand and hydrochloric 
acid, is immersed for a few seconds m a boiling solution of 1 pt chloro- 
platmate of ammonium and 8 sal-ammoniac m 32—40 parts of water, till 
a sufficient deposit is formed upon it—after which it is cleaned with pre¬ 
pared chalk, and then washed and dried. (Bottger, Ann Pham 39, 175 ) 

[Respecting platinum-depositsformed bygahamc action, lid [I 500, 501) Foi the 
observations of Biomeis on Plating tilth Platinum on silvei, copper and biass, vid 
Jaftrsber L § K 1S50, 631 ] 

Platinum exhibits two states of minute division. In Spongy Platinum, 
which is formed at a red-heat, the metal is finely divided, but in the 
crystalline state; and in Platinum-black, which is produced at ordinary 
temperatures, it is amorphous. 

a. Spongy Platinum 

Generally obtained by igniting the chloioplatmate of ammonium To 
obtain this compound as free as possible from othei metals—which would 
otherwise remain mixed with the spongy platinum, and weaken its action 
in setting fire to hydrogen gas, &e (e g , m Dobeieiner’s Instantaneous 
Light Machine)—the methods alieady descubed for the decomposition of 
platinum ore may be adopted, viz, those of Berzelius (p 264, Piocess b, 
No. 7—12), and of Dobeieiner & Weiss (p 266, 3 and 4), excepting that 
the liquid filtered from the lime-precipitate must he slightly acidulated 
with hydrochloric acid, immediately piecipitated by sal-ammoniac, and 
completely freed from chloride of calcium by washing. (The wash-water 
of the precipitate formed by lime is concentrated by evaporation after the 
addition of hydrochloric acid, before it is piecipitated by sal-ammoniac 
(Y. Br Arch. 14; 274.)—Spongy platinum is a dull grey, soft, poious 
substance, having the same specific gravity as massive platinum . The 
more strongly it is ignited, the more closely do its particles unite. By 
pressure with ahaidbody, it is condensed mto laminae having the metallic 
lustre —Its action on gases and vapours mixed with oxygen has been 
specially described in Yol II., pp. 49, 50. 

5. Platinum-black : 

This form of platinum, with its i emarkable action on oxygen gas and 
combustible bodies, was discovered by Edm Davy, who, however, was 
led by certain smalt accidental impurities to regard it as nitrite of pla- 
tinous oxide, till Liebig showed that pure platmum-black consists of pme 
finely divided platinum. 
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Preparation 1. When alloys of platinum with other metals are 
treated with acids which attack the foieign metals but not the platinum, 
the former are dissolved out, and the platinum remains m the form of a 
black powder, having the properties of platinum-black a In this 
manner it was obtained by Descotils (p 267), who remarked the hissing 
which it makes when heated. [According to Boussingault, this black 
powder also contains 31 percent of zinc Vid Platinum and Zinc. But 
Boussingault omitted the use of nitric acid and oil of vitriol,]—A powerful 
platinum-black is obtained by fusing 1 pt of platinum ore with 2 parts 
of zinc, pulveiizmg the alloy, and treating it first with sulphuric and 
then with dilute nitnc acid, till the whole of the zinc is dissolved, which 
takes place but slowly, separating the residual alloy, by elutriation with 
water, fiom the heavier grams of osmium-iridium, and then washing it 
with potash-ley, and afterwards with water. Since the platinum-black 
thus obtained is still mixed with the osmium and indium of the ore, it 
transfers to the osmium the oxygen which it takes from the an, con¬ 
verting that metal, soon after drying, into osmic acid, which may then be 
separated by distillation with water. (W. Doberemer, Ann. Pharm 17, 
67.)— ft. The author likewise found that an alloy of pure platinum with 
copper and zinc, when treated with nitric acid, left the platinum m the 
form of platinum-black — c. When a mixture of aqueous bichloride of 
platinum and sesquichloride of iron is precipitated by ammonia, the 
washed and dried precipitate reduced at a red heat by hydiogen gas, and 
the resulting alloy of platinum and iron treated with hydrochloric acid to 
dissolve out the iron, tlieie lemams a black powder, which, when heated 
m open vessels to a temperature considerably below redness, takes fiie 
and detonates slightly, but not in close vessels, it is not raised to a red 
heat by contact with alcohol (Berzelius.) (Accoidmg to Boussingault, this 
powdei contains 19 9 per cent, of iron, ltd Platinum and hon In that place, 
also, will be found a descuption of a similar powder obtained by Faraday & Stodart ) 
—- d. Platinum fused with potassium, separates out iu black scales 
when the alloy is immersed m water (Berzelius.) These two sub¬ 
stances obtained by Berzelius consist of platinum-black. They set 
fire to alcohol, thus d produces this effect, if it be previously freed 
from adhering hydrochloric acid by washing with potash and water 
(W. Doberemer) 

2. Platinum-black is also formed by precipitating platinum from its 
solutions with zinc —The solution of bichloride of platinum, to yield the 
black, must contain free hydiochlonc acid, and be dilute, from a moie 
neutral solution, zinc precipitates the platinum m giey. coherent lumps. 
(Liebig.)—The precipitate thrown down by zinc from a platinum solution 
(p 267, No. 4), after being freed from palladium by nitric acid, then 
washed with watei, boiled with potash-ley, and again washed, appears 
denser than platinum precipitated in other ways, absorbs less oxygen, 
and consequently does not set fire to alcohol; hence it is best adapted 
for converting that compound into acetic acid (Fr. Doberemer, Aim. 
Pharm . 14, 259, comp W Dobeiemer, Seine 54, 414.) Another mode 
of preparation is to reduce chloroplatinate of ammonium or potassium 
immeised in hydrochloric acid, by zme, and free the resulting platinum- 
black from zinc by nitric acid. (Berzelius ) 

3. By precipitating aqueons bichloride of platinum with hydrosul- 
pliuric acid, washing the precipitated sulphide of platinum, and exposing 
it for some weeks to the air By this piocess, oxidized sulphide of pla¬ 
tinum is foimed. (W. Doberemer, Sckw, 54, 414 ) [Since, as stated by 
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Berzelius, moist sulphide of platinum, when exposed to the air, forms a 
quantity of sulphuric acid, sufficient to blacken the paper on which it 
rests, it is possible that oxidized sulphide of platinum may be merely 
metallic platinum separated from the sulphide and mixed with sulphuric 
acid.] 

4 By reducing platinum with an organic compound — a By Formic 
acid —Aqueous bichloride of platinum mixed with formiate of soda. 
(Gobel) Or platinate of soda heated with aqueous formic acid (W Do- 
beremer, Fogg . 28, 181 ) 

b By Tartaric acid. Cooper ( Qu J . of Sc 5, 120), by mixing 
aqueous bichloride of platinum with tartrate of soda, at temperatures 
between 82° and 93°, obtained a greyish-black powder, which he supposed 
to be hydrated platmic oxide, it shrank together to L of its bulk at a red 
heat, and was converted into ductile platinum —This precipitate, washed 
and dried at 10CP, gives off only 1 41 per cent of hygroscopic water at a 
red heat, and must be regarded as platinum-black. The same precipitate 
is obtained with tartrate of potash, ammonia, or lime, at a boiling heat, 
and moreover with evolution of caibomc acid, but not wuth fiee tartaric 
acid or cream of tartar, at ordinary temperatures, taitrate of potash 
throws down chloroplatmate of potassium (R Phillips, Phil Mag J 2, 
94) 

c By Alcohol a. Edm. Davy’s original process (Schw 31, 240) * 
Sulphide of platinum, precipitated fiom the solution of the bichloride by 
sulphuretted hydrogen, is converted into sulphate of platinic oxide by 
boiling with nitric acid, and the solution mixed with an equal quantity 
of alcohol The liquid then becomes perfectly colourless, after several 
days at ordinary temperatures, but immediately on heating, and there is 
formed a black precipitate, which must be washed with water. This 
precipitate, when heated, yields several pioducts ( vicl inf), among which 
is hyponitnc acid (E Davy) But if the piecipitate be previously 
boiled with potash and then with watei, it still retains its peculiar pro¬ 
perties, but gives off no nitrous gas, the presence of nitrogen-compounds 
in it is therefore accidental (Liebig, Fogg. 17, 102 )— (3 Protochloride 
of platinum is heated m a retoit piovided with a receiver, with 12 times 
its weight of alcohol, of sp gr 0 813. It turns black, while the colour¬ 
less alcoholic liquid becomes soui, and gives off vapoui of hydrochloric 
ether The liquid is poured off, and the black substance washed and 
dried. This body, when heated, even out of contact of air, deflagrates 
with a hissing noise, and exhibits a glimmering light, giving off* oxj^gen, 
carbonic acid, and water. (Zeise, Fogg 9, 632 ) When hydrogen gas is 
passed over this preparation, it becomes heated to redness, yielding, how¬ 
ever, not water, but hydrochloric acid, it therefore contains a chloime- 
compound accidentally mixed with it. (Liebig, Fogg 17, 102 )—y Bi¬ 
chloride of platinum is exposed to a continued strong heat, till it is for 
the most part converted into the protochloride, the poition which remains 
undecomposed is extracted with hot water, the insoluble protochloride is 
heated in a flask with strong potash-ley till completely dissolved, and 
the black liquid removed from the fire, and gradually mixed, while still 
hot, with alcohol. A large quantity of caibomc acid is then disengaged, 
with strong effervescence, togethei with an etheieal substance, and the 
platinum-black falls to the bottom in the form of a veiy heavy powder, 
which must be washed, first with a small quantity of alcohol, then with 
hydrochloric acid, then with potash, then 4 or 5 times with water, and 
after thoroughly washing, dried m a porcelain basm, without bunging it 
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a contact with the filter or any other organic substance If a large 
uantity of cupric nitrate be added to the solution of protochloride of 
>latmum m potash, before boiling it with the alcohol, the platinum-black 
nil be mixed with twice its weight of copper, but will be quite as active as 
rhenpure. (Liebig, Fogg 17,101, ahbtr.Mag Phann 29,101 )—8 3 parts 
f hydrate of potash are dissolved in 12—18 parts of boiling brandy, 
parts of chloroplatmate of potassium added to the solution m a wide 
lass vessel, and the vessel set aside for 8 days, m a warm place, where 
, is exposed to the rays of the sun (the liquid being fiequently stirred), 
ill all the platinum is piecipitated, and no moie gas-bubbles rise from 
he liquid on Stirling If, during this piocess, the liquid should cease to 
xbibit an alkaline reaction, more potash must be added to it, for the 
lkall must always be kept m excess- The potash, m fact, combines with 
he acetic acid pi educed fiom the alcohol, by the oxygen of that pait of 
he potash to which the chloride of platinum gives up chlonne The 
quid is decanted, and the platinum-black washed, first with pure water, 
len with water containing acetic acid, then again with pure watei, 
ud dried upon bibulous paper When large octohedions of chloroplati- 
ate of potassium are treated in this manner, a platinum-black is obtained 
ossessing the highest degree of inflaming power (W Dobereiner, Ann. 
'harm. 2, 1 )—Another method is to expose a solution of platinum in 
qua-regia, supersaturated with potash and mixed with a little alcohol, 
) the sun, till all the platinum is precipitated in the form of black In 
ns case, if the solution still contains nitric acid, a very large quantity of 
rnmonia is evolved towards the end of the piocess, but its formation 
sases, as soon as all the platinum is reduced to the form of black. 
\V. Dobereiner, Sclav 63, 476 )—* The aqueous solution of bichloride 
f platinum is mixed fhst with acetate of soda, theu with alcohol 
V\ r Dobereiner, Fogg. 28, 181.) 

d With Sugar The aqueous solution of 4 parts of bichloride of 
latmum is mixed with 10 to 12 paits of crystallized carbonate of soda 
ad 1 part of sugar, and heated to 100° over the water-bath, with constant 
citation, till, in the couise of a quarter or half an hour—the liquid having 
reviously acquned a dark-brown colour—the whole of the platinum is 
recipitated m the form of black, the liquid is then decanted, when cold, 
id the platmum-black washed with water and dried This process is 
ie most convenient and economical of all, but it succeeds only when the 
atmum-solution is fiee fiom nitnc acid The black which it yields sets 
*e to alcohol as quickly as that of E. Da\y. (W. Dobeiemer, Ann. 
'harm. 2, 1 ) 

In whatever manner platmum-black is prepared, it is well to boil it 
ith nitric acid, to remove foreign metals, then with potash-ley, and 
aally with water (W. Dobeiemer, Ann Fkaim . 14, 17.) 

Platinum-black is a soft, black, dull-lookmg powder, which soils any 
irface on which it is rubbed (E. Davy) Granular and rough to tbe 
>uch. of sp. gr. from 15 78 to 16*32 and 17 572. By piessure, it 
jquires a white colour and metallic lustre Inodorous (Liebig ) Plati- 
lm-black obtained from platmate of soda and formic acid, is not pulve- 
ilent, but consists of extremely fine laimnse (Dobereiner) G Rose 
und the specific gravity of platinum-black prepared in different ways, 

► vary from 16 83 to 22 89; in one specimen, it was only 14*89 
Tahyesber 1847—8, 38 ) 

If platinum-black be completely freed fiom alcohol by boiling with 
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water, then dried in vacuo over oil of vitriol, and tlie air afterwards 
quickly admitted to it, such abundant absorption [of oxygen gas2] takes 
place, that the substance becomes heated to ledness, and the paper in 
which it is enveloped burns away (Liebig ) 

Liebig’s platinum-black, when heated to redness m the air, in oxygen, 
or in hydrogen gas, loses nothing m weight, exhibits no incandescence, 
and m hydrogen gas, does not loim water.—During the piocessof diymg, 
the black absorbs a large quantity of oxygen from the air, but no 
nitrogen, or at most an extremely small quantity. At a red heat, it 
might be expected to give up the oxygen; but instead of that, it evolves 
carbonic acid, sometimes, but not invariably, mixed with oxygen For it 
always contains carbon, even when precipitated by zinc, that metal, in 
fact, never being free from carbon. Thus, 60 grains of platinum-black 
prepared with zinc, m which, according to the quantity of carbonic acid 
gas which it yields with foimic acid, there should be contained 1 26 cubic 
inches of oxygen, give off at a red heat, not this quantity of oxygen, 
hut 1 20 cubic inches of eaibomc acid, together with a trace of water 
(W. Doberemer, Ann. Phcmn 14, 10 ) 

Many kinds of platinum-black deflagrate with a hissing noise when 
heated, even much belov redness That which is obtained fiom the alloy 
of platinum and ziuc, by the method of Descotils and Doberemer (1, a ), 
‘-ometimes detonates like gunpowdei (Descotils), that which is piepaied 
{torn the alloy of platinum and iron (I, c), exhibits hissing deflagiation 
wben gently heated in an open vessel, but not m a close vessel. (Ber¬ 
zelius )—Edmund Davy’s platmum-black (4, c , «), which contains 96 25 
per cent, of platinum and 3 To of nitrous acid, oxygen, and carbonic acid, 
deflagrates when heated, with a hissing noise and red flame, and yields 
platinum, if heated out of contact of air, it gives off carbonic acid, 
oxygen, water, and hyponitric acid, and leaves platinum. (E. Davy.)— 
May not this deflagration he due to the piesence of consideiahle quantities 
of carbon, alcohol, or other compounds of carbon in these kinds of pla- 
t num-black^ Thus, Liebig found that his platmum-black, wdien dried m 
vacuo, still retained alcohol (which could only be driven off by continued 
boiling with water), and consequently took fire at 100°. 

Platinum-black, b} T means of the oxygen vhich it has absoibed, exeits 
an oxidizing action upon most combustible gases and vapouis, both 
organic and inorganic, whereb} 7 it may itself he heated to ledness, and if 
the air has access to it, may set the gases on fire. If access of air oi of 
oxygen gas be prevented, this oxidation ceases as soon as the oxygen 
absorbed by the platiuum-hlack is consumed (eveu m this case, however, 
the black, if not moist, may be raised to a red heat in hydrogen gas); but 
if the air or oxygen has access to it, the platinum-black takes up more 
oxygen, which it transfers to the combustible body, and thus the action 
becomes continuous (W Doberemer; comp 11,51, see also Oxalic acid> 
Formic acid , Marsh gas , Olefiant gas , Ether , Alcohol , Wood-spirit^ and 
Cyanogen ) The moie stiongly and frequently platmum-black is heated 
to redness by its action on combustible gases, the denser does it become, 
and the more nearly does it approach m its properties and activity to 
spongy platinum —It loses its activity in ammoniacal gas, and when 
moistened with hydiochlonc acid, but recovers it on being moistened 
with aqueous potash or carbonate of soda, and subsequently dried, the 
ammonia then escaping The activity of platmum-black is also destroyed 
by moistening it with aqueous bichloride of platinum and alcohol at the 
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same time, but may be restored by continued washing with carbonate of 
soda, and subsequent drying. Sulphuric and nitric acid do not impair its 
activity. (W. Dobereiner ) 

Edmund Davy's platinum-black likewise exhibits the following pro¬ 
perties * In dry ammomacal gas, it rises to a red heat, with decrepitation 
and emission of sparks, and absorbs a large quantity of the gas When 
agitated with aqueous ammonia, whereby gas-bubbles are evolved, it 
acquires detonating properties Heated with phosphorus, it forms phos¬ 
phide of platinum, with vivid combustion, and when heated with sulphur, 
yields blue sulphide of platinum. (E Davy.) 

Compounds of Platinum . 

Platinum and Oxygen. 

A. Platinous Oxide PtO. 

Protoxide of Platinum , Platinoxydul —Appears to be formed m the 
combustion of platinum, which takes place at the melting-point of the 
metal, and is attended with sparkling, with emission of fumes, and 
formation of a dingy green dust. The combustion does not take place 
at an ordinary white heat, but only in the flame of hydrogen gas burning 
m contact with oxygen, or of a spirit-lamp fed with oxygen gas, or when 
a stiong voltaic 01 electrical batteiy is discharged through thin platinum 
wires. 

P) eparatwn. 1. By carefully heating the hydrate of platmous oxide 
till it is deprived of its water. (Berzelius )—2 When Heischel's platinate 
of lime is strongly ignited m a covered ciucible, a dark violet powder is 
obtained, which becomes very hot by contact with water, and, when 
freed by water and nitric acid from chloride of calcium and lime, leaves a 
residue of platinous oxide. (Dobereiner, Pogg 28, 383.) 

Properties . Prepared by (1) grey (Berzelius); by (2). dark violet. 
(Dobereiner ) 


Pc 

. 99 

92 32 

O 

8 

7M8 

PtO 

107 

100*00 


(PtO = 1233 499 -f 100 = 1333*499 Berzelius ) 

Decompositions . Reduced to the metallic state at a red heat, deto¬ 
nates strongly when heated to redness m contact with chaxcoal powdei. 
(Berzelius.)—By aqueous formic acid, it is i educed to platinum-black, 
with violent evolution of carbonic acid (W. Dobereiner ) 

Combinations a . With Water.— Hydrate op Platinous Oxide, 
or Platinous Hydrate —Prepared by decomposing protochloride of 
platinum with a gently heated solution of potash, and washing the preci¬ 
pitate. Part of the protoxide remains dissolved in the potash, forming a 
dark green solution, from which it may he precipitated by sulphuric acid. 
(Berzelius.) The hydrate thus obtained cannot be completely freed from 
chlorine; if too much potash be added, the precipitate re-dissolves. 
(Liebig, Pogg . IT, 108 ) If the hydrate be separated from the proto¬ 
chloride by soda, a very considerable portion of soda remains in it, after 
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washing with water, and is left behind with the platinum, on ignition 
(Vauquelin.)—Bulky, black powder—When heated, it gives off' water 
and afterwards oxygen, boiling hydiochlonc acid resolves it into aqueous 
bichloride of platinum and a lesidue of metal; boiling potash-solution, 
into soluble platmate of potash and metallic platinum (Berzelius ) 

6 With Acids, it forms the Salts op Platinous Oxide, or Platinous 
Salts. —The violet oxide obtained by (2), does not dissolve m any 
oxygen-acid, excepting sulphuious acid, when boiled with aqueous oxalic 
acid, it takes up the latter. (Doberemer.)—Some platmous salts are dark 
brown and red, others colouiless. When ignited, they leave metallic 
platinum Hydrosulphuric acid and hydrosulphate of ammonia colour 
their solutions brown, and, after a while, throw down a brown-black pre¬ 
cipitate of protosulphide of platinum, soluble m a large excess of hydro¬ 
sulphate of ammonia, and forming a brown-red solution. Iodide of 
potassium colouis them deep led-brown, and after a while, decolorizes the 
liquid, and forms a black, metallic-looking precipitate Protocklonde of 
tin colours the solutions deep led-biown, without forming any precipitate 
Mercurous nitrate produces a black piecipitate. Ammonia added m 
excess to the hydrochlouc acid solution, thiow T s down green crystalline 
ammomo-protochloride of platinum. Caibonate of potash or soda pio- 
duces a brownish precipitate, which is slowly deposited, the liquid 
retaining a brown-red colour.—The following substances have no action 
on platmous salts potash, carbonate of ammonia, phosphate of soda, 
oxalic acid, cyanide of mercury, ferrocyamde of potassium, and fern- 
cyanide of potassium. (H. Bose, Analyt Chemie ) 

c. With Ammonia, platmous oxide forms two peculiar salifiable bases; 
it also combines wuth potash and soda. 

By mixing a solution of bichloride of platinum diluted with hot water, 
with a solution of mercurous nitzate made as neutral as possible, Cooper 
obtained a yellowish-brown precipitate (probably consisting of calomel 
and platmie oxide), which, when gently heated to a tempeiatuie short of 
redness, was resolved into volatile calomel and a residue of black oxide 
containing 95 764 platinum and 4 235 oxygen. The amount of oxygen 
appears, however, to vary with the degiee of heat (Berzelius, Phillips, 
Ann Phil 22, 1 93 ) 

W r hen fulminating platinum is boiled down to dryness with strong 
nitric acid, the residue heated neaily to xedness, and the lemainmg oxide 
pulverized, boiled with water and aqueous potash, to free it fiom the 
obstinately adhering nitnc acid, and then dned at the boiling-point of 
mercury, it exhibits a dark steel-grey colour and metallic lustre, contains 
89 37 metal, and 10 63 oxygen, gives off its oxygen at a strong red 
heat, is decomposed, with vivid incandescence, when heated with zinc- 
foil, yielding platinum and oxide of zme, forms sulphide of platmum and 
sulphurous acid when heated with sulphur, and dissolves only m hot 
hydrochloric acid, not m cold hydrochloric acid, boiling nitric acid, or 
aqueous alkalis. (Edm. Davy, Schw. 31, 353)—Is this a mixture of the 
protoxide and bi-oxide, or is it a peculiar intermediate oxide 2 

IT Blue Oxide —According to Hntorf (Pogg 74, 316), platinum 
immersed, as the negative pole of a voltaic battery, m fused nitrate of 
potash, forms a blue oxide, a blue liquid at the same time flowing con¬ 
tinuously from the metal, this blue oxide, howe\er, as it leaves the 
platmum, passes into yellow and gieen oxide, which lemam suspended in 
the nitrate of potash, when the liquid cools, and attiacts moiMuic, the 
green oxide changes into the yellow. In nitrate of soda, the oxidation is 
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weaker, and the blue colour lighter and finer; moreover, the blue oxide 
then changes only to yellowish brown, 


B. Platinic Oxide. PtO 2 . 

Bioxide of Platinum, Platinoxyd — Formation. Platinum is not 
oxidized by water, sulphuric acid, or nitric acid. It is converted into 
hydrochlorate of platinic oxide when tieated with aqua-regia or chlorine- 
water, though the latter acts upon it but slowly, it is likewise oxidated 
by ignition with hydrate of potash, hydrate of litkia, or carbonate of 
lithia, provided the air has access to it—and by ignition with nitre. 

Preparation . By gently heating the hydrated oxide. (Berzelius ) 


Properties. Black powder. (Berzelius ) 





Berzelius. 
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(PtO 2 = 1233 499 -r 200 = 1433 499. Berzelius.) 

When heated, it gives off oxygen, and leaves metallic platinum. 

Combinations, a With Water— Hydrate op Platinic Oxide, or 
Platintc Hydrate. — 1 Prom most platmum-salts, alkalis throw down 
basic double salts, but from nitrate of platmic oxide, potash throws down 
at fiist the puie hydiate, which may be separated, and afterwards the 
double salt (Beizelius )—2 The hydrate may also be obtained by pre¬ 
cipitating a hot solution of platmic sulphate with carbonate of lime, 
dissolving out the excess of that substance from the precipitate by means 
of acetic acid, and then washing it for along time [to lemove the gypsum] 
(Wittstem, Bepert . 74, 43.)—3. By dissolving out the soda from platnute 
of soda, with acetic acid. (Doberemer, Pogg. 28, 181, also Fremy, Compt, 
rend . 31, S93 )—The hydiate (1) when recently precipitated, has a rusty 
colour, like that of hydrated ferric oxide, m drying, it shrinks together 
into a yellowish-brown mas& When heated, it gives off water, and turns 
black (Berzelius )—(2) is an umber-brown powder, which does not 
decompose at 100°, but at a stronger beat, is resolved, with explosion and 
scattering of part of the mass m the form of a blackish fume, into aqueous 
vapour, oxygen gas, and platinum (Wittstem.) 

Wittstem. 
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b. With Acids, forming the Salts of Platinic Oxide, oi Platinic 
Salts —From bichloride of platinum (or hydrochlorate of platinic oxide), 
obtained by dissolving platinum in aqua-regia, then freed by evaporation 
from excess of acid, and again dissolved in a small quantity of water, 
several other platmic salts may be prepared, by adding a compound of 
potash with another acid, as long as a precipitate of ehloroplatinate of 
potassium is produced—evapoiating the decanted liquid—and dissohmg 
the residue m a small quantity of water, which still leaves behind a 
ecitain quantity of cliloroplatmate of potassium. (Berzelius, Pogg l 430 ) 
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Platinic salts have a yellow or brown colour, redden litmus, and have 
an astringent taste. They yield metallic platinum when ignited, but 
impart no colour to fluxes. From their aqueous solutions, phosphorus 
and most metals precipitate metallic platinum. The reduction of platinum 
fiom the solution of the chloride is much slower than that of gold. It is 
most quickly reduced by zinc, cadmium, iron, cobalt, and copper. The 
platinum coats the metals m the form of a black powder, which gradually 
leumtes into lammse, part of it, however, especially when the precipita¬ 
ting metal Is iron or copper, is deposited m the metallic state on the 
neighbouring glass surface —Nickel, mercury, and bismuth reduce it moie 
slowly, the precipitate produced by bismuth exhibits the metallic lustre. 
Tiu reduces it quickly, but the portion of that metal which dissolves, 
forms with the undecomposed platinum-salt, a brown-red compound, 
which remains m solution —Lead reduces the platinum somewhat quickly 
at first, and the precipitate exhibits the metallic lustre, but after a while, 
the deposit of chloride of lead puts a stop to the action.—Silver acts in 
the same manner, but much more slowly—Antimony in the first few 
days merely acquires a grey tarnish, but gradually 1 educes the whole of 
the platinum —Arsenic become^ eoveied somewhat quickly with a black 
powder, and darkens the colour of the liquid, but does not effect a com¬ 
plete reduction, even if immersed in the solution for months.—Tellurium 
precipitates the platinum veiy slowly, m the form of a black powder.— 
Palladium produces but a very slight precipitate (Selenium exerts no 
reducing action) (Fischer, Pogg. 9, 2 56; 10, 607, 12, 505.)—-Many 
organic compounds reduce platinum from the solution of the chloride, in 
the form of platinum-black. This effect is produced by the alkaline 
formiates, tartrates, and racemates, w r ith the aid of heat, also by alcohol 
and sugar, after the addition of potash or carbonate of soda —The alkaline 
oxalates, citrates, acetates, and benzoates, exert no reducing action. 
(Biandes, Ann Pharm 9, 302 ) 

Hydrosulpliuric acid pioduces at first only a brown colouring, hut 
after a while, a biown precipitate of sulphide of platinum. The same 
precipitate is produced by hydrosulphate of ammonia, and dissolves m a 
large excess of that reagent —The limit of this reaction is found when 
1 pt. of platinum is dissolved in 30,000 pts of liquid, the piecipitate is 
soluble in hydrochloric acid. (Fischer, Sclav. 53, 108.)— 1 part of bichlo¬ 
ride of platinum dissolved in 100 parts of water to which 25 parts of 
hydrochloric acid aie added, is not precipitated by hydrosulpliuric acid. 
(Remsch, J pr. Chem 3 3. 132.)—Free tntliionic acid forms a black pre¬ 
cipitate in platinum-solutions (Langlois )—Hydnoclic acid colours them 
red-brown, and after two days, throws down metallic platinum m flakes 
(Silliman, Sill. Am. J 6, 326 )—Iodide of potassium colouis them deep 
biown-red, throws down a brown precipitate (of iodide of platinum), and 
on the application of heat, produces a metallic deposit on the sides of the 
vessel. (H. Rose.) 1 pt of platinum, dissolved in the form of chloride in 
3 0,000 parts of water, produces, on the addition of iodide of potassium, 
first an orange-yellow, then a red colour, with 20,000 parts of liquid, a 
yellow colour is produced in a few minutes, and afterwards a red, with 
40,000, yellowish at first, rose-coloured afterwards; with 80,000, still 
distinctly rose-coloured; with 160,000, rose-coloured after a few minutes, 
with 320,000, a scarcely perceptible rose-colour appears after some time. 
(Lassaigne, J (Jhem med . 8, 585 )—1 pt. of chloride of platinum m 10,000 
parts of water, produces a brown-red colour with iodide of potassium, 
afterwards a dark-green colour, and finally a black precipitate, 
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larger quantity of liquid, a red colour is produced, still distinguishable in 
1,000,000 parts of water, but not be 3 r ond (Walcker, W Quart J . of Sc 3, 
378)—Protochloride of tin produces a daik, red-brown colouring, and 
after a while, a gelatinous precipitate, having the same colour, the liquid 
at the same time becoming colourless In a dilute solution, protochloride 
of tin produces a yellow colour and yellow precipitate, which dissolves in 
hydrochloric acid, producing a brown solution. The limit of the colouiiug 
is found with 1 pt of platimc oxide m 100,000 pts. of liquid; for this 
reaction, an acid tin-solution, which keeps the precipitate dissolved, is 
more delicate than a neutral solution. (Fischer, Sclav 53, 108 ) 1 pt. of 

platinum (as chloiide) dissolved m 10,000 pts of liquid, forms with pro- 
tocklonde of tin, a leddish-yellow liquid and a precipitate ; in 20,000 pts. 
of liquid, a paler reddish-yellow colour without a precipitate, with 
40,000, an orange-yellow, with 80,000, yellowish, with 160,000, pale 
yellow, and wuth 640,000, a veiy pale yellow colour. (Lassaigne, 
J Chvni med. 8, 5S5 )—Mercurous nitrate produces a deep reddish-yellow 
precipitate with chloride of platinum Platinum sal-ammoniac dissolved 
in 100,000 parts of water, immediately imparts a yellow colour to the 
mercurous solution, and soon aftei forms a yellow piecipitate; when the 
quantity of water amounts to 200,000 parts, a distinct yellow colour is still 
produced after a few minutes. (Bottger, Sclav 68, 292 ) —When free hydi o- 
chloric acid is piesent in the solution, ammonia, caibonate of ammonia, 
and other ammomacal salts, throw down a lemon-yellow, crystallo-pulve- 
rulent precipitate of platinum sal-ammoniac, not perceptibly soluble in 
acids, but soluble m a large quantity of water—In a similar mannei, 
caustic potash, carbonate of potash, and other potash-salts, precipitate 
chloroplatinate of potassium, of similar aspect and piopeities. Caibonate 
of soda, on the contrary, forms no piecipitate at ordinary temperature^, 
but, on the application of heat, a brownish-yellow precipitate of platmate 
of soda 

Platimc salts are not piecipitated by phospliuretted hydrogen gas 
(thereby distinguished from palladium), (Bottger), by gieen vitriol (which 
distinguishes them from silver, gold, and palladium), by phosphate of 
soda, oxalic acid, infusion of galls, ferroeyanide and ferricyamde of 
potossium (excepting that when tree hydrochloric acid is present, a small 
quantity of chloroplatinate of potassium may be precipitated), or by 
cyanide of mercury (which again distinguishes them from palladium). 

c. With all Alkalis, forming compounds called Platinrm*. 


Platinum and Carbon 

Carbide of Platinum. —Platinum may he fused m contact with 
charcoal in the blast-furnace (Chenevix, Descotils, Ann Clam. 67, 89); 
when thus treated, however, it appears to take up silicium rather than 
carbon (vid. Sihciwn a)id Platinum). Platinum vessels ignited over an 
alcohol flame increase very slightly in weight, an effect probably due to 
the formation of carbide of platinum; e. q a capsule weighing 3 ounces 
gained 6 grains in 10 years. (Fischer, Kastn. Arch 14, 148.) When 
platinum is heated to redness over a simple alcohol flame, a black powder 
is deposited where the interior of the flame comes in contact with the 
metal, and this powder, when burned away, leaves a small quantity of 
platinum. 

When chloroplatinite of mesityl (C i H 5 0,PtCl) is gradually heated to 
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redness in a retort, and then left to cool out of contact of air, a black 
lesidue of PtC 2 is obtained, which exhibits no free platinum under the 
magnifying glass, and when heated m the air, bums slowly away, leaving 
metallic platinum. Heated aqua-regia dissolves out the greater part of 
the platinum from it, and leaves 12 29 per cent of chaicoal still con¬ 
taining platinum (Zeise, J. pr. Gkcm . 20, 209.) 
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Platinum and Boron. 

Bomde of Platinum ? —Platinum, heated with borax and charcoal, 
fuses into a hard, brittle, somewhat ciystallme mass, which, when dis¬ 
solved in aqua-regia, leaves a residue of boracic acid (Descotils, Ann. 
Chim. 67, 88 ) 


Platinum and Phosphorus 

PnosPHiDE op Platinum — a. By fusing platinum with glacial phos¬ 
phoric acid and charcoal powder, or by throwing pieces of phosphorus oil 
led-hot platinum, Pelletier obtained from 100 parts of platinum, 128 parts 
of phosphide of platinum, which was white, very brittle, and very fusible, 
gave sparks on steel, crystallized m cubes, and when heated m the air, 
parted with its phosphorus by combustion 

b Phosphorus heated with spongy platinum in a glass tube exhausted 
of air, combined with it at a heat considerably below redness, producing 
flame and vivid incandescence, and formed a lead-giey, porous, imperfectly 
fused mass, partly crystallized m cubes, and a non-conductor of eleetncity. 
It contained 82 5 platinum and 17 5 phosjiliorus When heated in 
thlonne gas, it was converted into teichloride of phosphorus and chloride 
of platinum, and when heated with chlorate of potash, it was partly 
decomposed with incandescence (E. Davy.) 

c. 3 parts of chloroplatmate of ammonium and 2 parts of phosphorus 
heated to dull redness in a tube closed with mercury, formed an iron- 
black, partly pulverulent, paitly loosely coherent mass, having scarcely 
any metallic lustre, of sp gr 5 28, and a non-conductor of electncity. It 
contained 70 platinum and 30 phosphorus, was permanent in the air, but 
slightly attacked by mineral acids, even at a boiling heat, decomposed in 
chlorine gas, like b ; detonated with chlorate of potash under the hammer, 
and corroded platinum at a white heat. (E Davy ) 


Platinum and Sulphur. 

A. Protosulphide op Platinum, or Platinous Sulphide — 1 . Formed 
by mixing spongy platinum with an equal weight of sulphur, and heating 
the mixture nearly to redness in a glass tube exhausted of air. (E. Davy.) 
—2 By igniting chloroplatinate of ammonium with twice its weight of 
sulphur in a closed crucible (Vauquelin )—3 By heating the same salt 
with an equal weight of sulphur and ignited carbonate of soda, and after¬ 
wards dissolving out the sulphide of sodium by water. (Vauquelin.) 
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4. By igniting oxidized sulphide of platinum (p. 289, b) in a platinum 
crucible till it takes fire with a loud hissing noise, closing the crucible 
well, and leaving it to cool, boiling the residue with aqua-regia to 
remove any bichloride of platinum that may adhere to it, and washing and 
drying in vacuo (Bottger, J. p?\ Chem. 3, 274)—5 By decomposing 
protochloride of platinum with an alkaline hydrosulphate (Berzelius ) — 
Prepared by (1) Dull, lead-grey powder, of sp. gr. 6 2, acquires the 
metallic lustre when rubbed upon paper, and is a non-conductor of 
electricity, by (2) shining black powder, by (3) slender, black, shining 
needles (Yauquelm), by (4) blue-black, sandy to the touch, grates 
between the fingers, sp gr 8 847 (Bottger) Heated to rednessm a close 
vessel, it undergoes a kind of fusion (Yauquelm ) 
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Leaves metallic platinum when heated to redness in the air. Decom¬ 
posed by ignition with zinc-filmgs or chlorate of potash When exposed 
to a current of hydrogen gas at a temperature of only 19 2 , it becomes red- 
hot, and is reduced to spongy platinum, with formation of hydrosulphunc 
acid (Bottler) Permanent in air and in water, scarcely attacked by 
mineral acids at a boiling heat (E Davy) Not decomposed even by 
boiling aqua-regia or caustic potash Acts upon alcohol in the air like 
platmum-black, but much less stiongly (Bottger ) 

B Bisulphide of Platinum, or Platinic Sulphide —1 Formed 
bynnxmg 3 parts of chloroplatmate of ammonium with 2 parts of sulphur, 
heating the mixture to low ledness over a spnit-lamp m a glass tube 
closed with mercury, and removing the heat soon after the evolution of 
gas has ceased. (E Davy.) Bottger is of opinion that the compound 
thus prepared is contaminated with free sulphur, m consequence of not 
being heated long enough —2. By precipitating a platinic salt with 
hydiosulphunc acid or an alkaline hydrosulphate. The compound 
may be formed either by passing hydrosulphuric acid gas through 
aqueous chloroplatmate of sodium, or by dropping aqueous bichloride 
of platinum into an alkaline hydrosulphate (for kydxosuipkuric acid 
forms, with aqueous bichloride of platinum, a precipitate which contains 
chloxide of platinum, and detonates when heated). The precipitate is 
washed with boiling water and dried in vacuo. (Berzelius.)—3. A 
solution of 1 part of dry bichlonde of platinum m 4 parts of absolute 
alcohol is mixed with 5 parts of bisulphide of carbon m a strong wide- 
mouthed bottle (the mixture filling two-thirds of it); and the bottle, after 
being tightly closed and shaken, is set aside m a shady place of medium 
temperatuie, and agitated again after 24 hours, by which time the mixture 
has acquired a black-browu colour. In the course of a week, it solidifies 
m a black gelatinous mass, having an ethereal odour This mass is twice 
washed with alcohol of 80 per cent, to remove the bisulphide of carbon, 
then rubbed quickly to a pasty consistence, and boiled with a large 
quantity of water m an evaporating basin (stirring constantly), whereupon 
a gas is evolved which burns with a blue flame ou the application of a light. 
The mass is then thrown on a filter, and washed with water, till the liquid 
which runs through no longer forms a cloud m a silver-solution, and the 
filter, with its contents, is quickly freed, by pressure between bibulous 
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paper, from tlie greater part of the water, and quickly diied in vacuo 
over oil of vitriol at a temperature below 125°. (Bottger, J pr . Chem . 
3, 267.) 

Prepared by (1), it is a daik steel-grey, often coherent powder, on 
paper, it forms a dark metallic streak like native sulphide of antimony; 
it is soft to the touch, of specific gravity about 3*5, a non-conductor of 
electricity, and infusible. (E Davy.)—By (2) • dark brown, black after 
drying. (Berzelius); black and shining. (Fellenberg, Pogg 50, 70)— 
By (3). blackish grey powder, with shining points, sandy to the touch, 
and grates between the teeth; its specific gravity is 7*224, and it is a good 
conductor of electricity. (Bottger.) 
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The preparation (1) leaves metallic platinum when ignited m contact 
with air (E Davy.)—(2) gives off 1 At. sulphur at commencing red¬ 
ness, and leaves protosulphide of platinum. (Berzelius ) Decomposition 
begins between 225° and 250k (Bottgei ) The prepaiation (1) decom¬ 
poses when fused with chlorate of potash, heated with zinc, or fused with 
hydrate of potash (E Davy )—(3) is likewise decomposed by fusion with 
hydrate of potash, chlorate of potash, or nitre, but to decompose it com¬ 
pletely, repeated ignition is required (Bottger ) Chloiine gas decomposes 
(1) and (2) at an incipient red heat, the products being chloride of sulphur 
and metallic platinum (Fellenberg.) Potassium, kneaded together with 
(3) at ordinary temperatures decomposes it with intense combustion, 
sodium does not act till heated. (Bottger) Among the acids, hot aqua- 
regia alone exerts a slight action upon this compound. (E Davy) 
Fuming nitric acid decomposes and dissolves (3) slowly, but completely, 
so likewise does boiling aqua-regia, and with greater facility. The pre¬ 
paration (2), exposed in the moist state to the air, produces snlphuno 
acid, which chais the paper on dijung (Berzelius) According to 
Bottger, a similai effect is exhibited by (3) , vid 'inf, —(2) dissolves 
completely in alkaline liydrosulpliates, caustic alkalis also dissolve it 
with separation of platinum and foimation of alkaline hyposulphites 
(Berzelius.) 

The preparation (1) is not decomposed by air at oidmaiy temperatures, 
by water, or by simple acids. (E. Davy.) The following substances 
exert no decomposing action on (2) * hydrogen gas at ordinary tempera¬ 
tures, boiling concentrated hydrochloric or sulphuric acid, or nitnc acid 
of specific gravity 1 2, boiling aqueous ammonia, potash, carbonate oi 
soda, and hydrosulphate of ammonia. (Bottger.) 

When 1 pt. of platinum ore is heated to incipient whiteness with 
2 parts of carbonate of soda and 3 parts of sulphur, and the fused mass 
exhausted with water, sulphide of platinum remains in long aurora-red 
needles (Persoz, Ann. Chim Phys . 55, 215.) No analysis is given. 

When hydrosnlphnric acid gas is passed through sulphide of platinum 
precipitated by (2) the sulphide acquires a red-brown colour by absorbing 
the gas, but gives it up on exposure to the air, and becomes black again. 
(Berzelius.) 

Oxidmd Sulphide of Platinum.—a AY hen bisulphide of platinum 
obtained according to (2) by hydrosulphunc acid gas, is exposed io the 
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air wbile still moist, a large quantity of sulphuric acid is formed in it 
(Berzelius ) [In this case, the platinum appears to transfer the oxygen of 
the air to the sulphur, in the same manner as it does to hydiogen, &c ]— 
This mass [which must contain a considerable quantity of fiee platinum] 
exhibits similar actions to other kinds of platinum-black.— b. When 
bisulphide of platinum prepared by (8) is dried, not m vacuo, but exposed 
to the air m a capsule at a temperature between 50° and 62and con¬ 
stantly stirred, till it is com erted into a veiy fine powder, and afterwards 
heated to 100 3 in a small letort, a velvet-black powdei is obtained, dotted 
with a few light points, its specific gravity is about 6*286, it contains 
60 22 per cent of platinum, has a veiy sour ta^te, and yields a large 
quantity of sulphuric acid when treated with water It takes fire in an 
open crucible at 250°, burning with a hissing noise and violet flame, and 
continues to glow, with evolution of sulphurous acid If a stream of 
hydiogen gas be allowed to act upon it at a tempeiature above 25°, it 
becomes warm, after glowing and decrepitating, gives off sulphuretted 
hydrogen, and leaves spongy platinum. (Bottger ) 

C. Sulphite of Platinous Oxide, or Platinous Sulphite ? — Platinous 
oxide prepared by method 2 (p 281), dissolves easily and abundantly 
in aqueous sulphurous acid. The colourless solution, which, if prepared 
out of contact of air, contains neither sulphuric nor hyposulphuric acid, 
leaves, on evaporation, a colourless, gummy salt, which reddens litmus 
At a red heat, this salt is resolved into oil of vitriol and metallic plati¬ 
num. It is not decomposed, either by hydrochloric oi by sulphuric acid. 
It dissolves easily m water and alcohol. Its aqueous solution, mixed 
with piotochloride of tin, acquires a daik brown-ied colour, and gives 
off a large quantity of sulphurous acid. Prom an aqueous solution of 
chloiide of gold, it throws down metallic gold, with formation of sulphuric 
acid and bichloride of platinum —The salt forms, with various sulphites, 
colourless double salts, which are permanent in the air and sparingly 
soluble. (Doberemer, J, pr. Chem , 15, 315 )—From the quantitative 
determination of the product resulting from the decomposition by chloride 
of gold, Doberemer assigns to the salt the formula Pt0 2 ,2S0b—Should it 
not be PtO.SO' : 1 The latter supposition is corroborated by the want of 
colour in the salt, and by the circumstance that bioxide of platinum is 
ieduced to piotoxide by sulphurous acid, moreover, the violet prepaiation 
used by Dobereiner is, according to his former statement {Pogg 28, 183), 
not bioxide, but protoxide of platinum, as indeed it should be, according 
to its mode of piepaiation —Platinous oxide [prepared by (1) ?], diffused 
in water through which sulphurous acid gas is passed, dissolves slowly in 
the liquid , and carbonate of soda added to the greenish-brown solution, 
throws down sulphite of platinous oxide and soda. (Litton Schneder- 
mann, Ann, Phann. 42, 319 ) 

D Sulphate op Platinous Oxide, or Platinous Sulphate. —. 
2. Hydrated platinous oxide, precipitated fiom its solution m potash by 
sulphuric acid, and washed, dissolves m dilute sulphuric acid after the 
saline liquid has been decanted off, and forms a daik brown solution, 
which assumes a redder tint on dilution with water, and, as the platinous 
oxide takes up more oxygen, gradually becomes clearer. (Berzelius)— 
2 When protochloride of platinum is continuously heated with a laige 
quantity of oil of vitiiol, till the liquid no longer produces any turbidity 
in a silver-solution, and the liquid is subsequently evaporated, a black, 
VOL vi. u 
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uncrystallized mass is obtained, which deliquesces in the air, and forms a 
black solution with a small quantity of water, but yellowish-green with 
a larger quantity. This solution becomes darker at first on the addition 
of potash or soda, but loses its colour in a few days, and deposits hydrated 
platinous oxide (Vauquelin )—The dark brown solution of platmous 
sulphate deposite metallic platinum at a certain degree of concentration. 
(Litton & Schnedermann ) 

E Sulphate of Platinic Oxide, or Platinic Sulphate —When 
pieces of platinum-foil are introduced into a retort in which oil of vitriol 
is rectified, they acquire a crystalline aspect, and colour the residue in 
the retort brownish-yellow, by formation of platinic sulphate. (Fischer, 
Jiastn Arch 14, 140 ) [Did the oil of vitriol contain nitric acid 9]— Pre¬ 
paration —1. By dissolving hydiated platinic oxide in sulphuric acid.— 
2 By mixing a solution of bichloride of platinum m a small quantity of 
water, with the proper quantity of sulphuric acid, and evaporating to 
dryness. (Berzelius.)—3 By pouring fuming nitiic acid on sulphide of 
platinum precipitated by sulphuretted hydrogen, and evaporating to dry¬ 
ness, then pouiing more fuming nitric acid on the lesidue, and again 
evaporating to dryness (E Davy)—Black, sliming, porous mass, resem¬ 
bling sugar charcoal; tastes sour, metallic, and somewhat sharp , reddens 
litmus slightly (E. Davy) 

Beizelrns. E Davy. 
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At a red heat, it gives off oxygen gas, sulphurous acid, and fuming 
oil of vitnol, and leaves metallic platinum. (E. Davy)—Deliquesces 
quickly in the air ; dissolves in water, forming a dark brown solution , 
also in aqueous phosphoric, hydiochloric, and nitric acid, and m alcohol 
and ether. (E Davy.)—Potash added to the aqueous solution, throws 
down a basic double salt. (Berzelius) Alkalis do not throw down 
platinic oxide from it. (Liebig, Ann, Pharm 23, 37 ) 

F. Sulpiiocarbonate of Platinum —PtS 3 ,2CS 2 .—Aqueous sulpho- 
earbonate of calcium foims, with platinic salts, a black-biown precipi¬ 
tate, which dissoh es m excess of the calcmm-salt, forming a brownish- 
yellow solution The precipitate, ■when dry, is nearly black ) and when 
distilled, gives off, first bisulphide of caibon, and then sulphur, and leaves 
protosulphide of platinum. (Berzelius.) 


Platinum and Selenium. 

Selenide of Platinum. —Selenium heated with spongy platinum, 
unites with it readily, producing vivid combustion, and forms a grey, 
infusible powder, which, when heated before the blowpipe, gives off all its 
selenium m the oxidized state. (Berzelius ) 

Platinum and Iodine. 

A. Protiodide of Platinum, Platinous Iodide, or Iodoplatinous 
Acid. —To foim this compound, protochlonde of platinum, produced by 
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Beating the bichloride and washed with alcohol, is heated for a quarter of 
an hour with aqueous iodide of potassium, and the resulting black powder 
is washed and dried. No action takes place m the cold —Soft, black 
powder, which sticks to the fingers like lamp-black, it is tasteless, inodo¬ 
rous, and permanent m the air (Lassaigne.) 
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When heated to about the boiling point of mgreury, it gives off its 
iodine, and leaves spongy platinum. Potash and soda convert it into 
platinous oxide, part of which sepaiates in the foim of a black powder, 
while the rest remains dissolved m the alkali, and m the iodide of potas¬ 
sium or sodium When digested with ammonia, it leaves a daik yellow¬ 
ish-green powder, which consists of platinous oxide, iodide of platinum, 
and ammonia, and when heated gives oft* water, ammonia, and hydriodate 
of ammonia. A cold aqueous solution of hydnodic acid, of sp. gi 1*038, 
gradually dissolves bmiodidc of platinum fiom it, and leaves metallic 
platinum. A hot aqueous solution of iodide of potassium acts upon it m 
a similar manner, dissolving a eeitam quantity of bmiodide of platinum, 
whereby the liquid acquires a yellow colour, but leaves the gi eater part 
of the protochlonde of platinum undecomposed —Concentrated sulphuric, 
liydrochlonc, and nitric acid, and likewise water and alcohol, have no 
action upon it. (Lassaigne, J Chim . mcd. 8, 708, also Ann. Chwi. Phys. 
51, 113.) 

B. Sesqui-iochde of Platinum ?—A dilute aqueous solution of bi¬ 
chloride of platinum is mixed m excess with iodide of potassium, and 
the resulting precipitate freed from admixed chloroplatmate of potassium 
by washing with a large quantity of water, and then dried.—Black.— 
Gives off a large quantity of iodine at 121°, and the whole at a tempera¬ 
ture short of redness—Dissolves m aqua-regia, with separation of iodine. 
Gives up a small quantity of iodine to boiling water. When immersed 
in ammonia, it first turns greenish, then brown, then red, the supernatant 
liquid yields small crystals on evaporation Dissolves in potash-ley, 
forming a yellow solution, which becomes pale led when neutiahzed with 
mine acid, and colourless when supersatuiated with it Dissolves 
readily, with a wme-red colour, m aqueous iodide of potassium, and like¬ 
wise in hydnodic acul Cold sulphuric, hydiochloric, and nitric acid, as 
well as water, alcohol, and ether, have no action upon it. (Kane, Phil. 
May. J . 2, 197 )—[Possibly a mere mixture of protiodide and bmiodide 
of platinum, formed fiom the latter by continued washing with boiling 


water.] 
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C. Biniodide of Platinum, Platinie Iodide, oi Iodoplatinic Acid. 
—Spongy platinum, heated with dry iodine, combines with it imperfectly, 
when heated with iodine and water, or with hydiochloric acid ami nitric 
acid, it remains unaltered —j Preparation —1 The aqueous solutions of 
bichloride of platinum and iodide of potassium form, at ordinary tempe- 
ratuies, a deep red, clear mixture, which becomes brown and turbid 
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when heated^ and deposits the bimodide, either in flakes or in a crys¬ 
talline powder, according to the concentration of the mixture ; the deposit 
is washed with boiling water and dried. If the platinum-solution contains 
free hydrochloric acid, vapours of iodine are given off on heating the 
mixture—Black powder, resembling cliaicoal powder, sometimes crys¬ 
talline like pulverized oxide of manganese ; inodorous and tasteless. 
(Lassaigne.) 

Lassaigne. 

Pt . 99 28 21 . 28*09 

21 252 71 79 71 91 

PtP ' 351 . 100 00 100 00 

When heated above 131°, it begins to give off iodine, and ultimately 
leaves metallic platinum. If only part of the iodine be driven off by 
careful heating, there remains, not protiodide of platinum, hut a mixture 
of platinum with the bimodide.—Clilonne-water dissolves it gradually, 
forming bichloride of platinum, while the iodine is set free , oi, if excess 
of chlorine is piesent, forms chlonde of iodine The, bmiodide is not 
decomposed by cold oil of vitriol, but when heated with it, gives off 
iodine just as when heated alone —Combines with the more basic metallic 
iodides, forming crystalhzable iodine-salts.—Dissolves m alcohol, foimmg 
a yellowish-green solution, and undergoing partial decomposition. ( Vide 
Alcohol . Lassaigne, J. Chim . mecl. 5, 334, 8, 712.) 


D. Hydriodate of Platinic Iodide —Cold dilute hydriodic acid, 
placed in contact with bimodide of platinum for 24 hours, forms a beau¬ 
tiful red solution, which, when evaporated m vacuo, or over lime in a 
receiver not exhausted, yields crystals—These crystals are reddish- 
black needles, having a metallic lustre, and united in feathery tufts; they 
are inodorous, and have an astringent, and somewhat acid taste.—In a 
dry vacuum, they slowly evolve a small quantity of bydiiodic acid; at 
100°, a larger quantity, but not tbe whole, and, if afterwards more 
strongly heated, they yield hydnodous acid and iodine, while platinum 
remains behind. They become slightly moist on exposure to the air, and 
dissolve very easily m water The dark wine-red solution diluted with 
a large quantity of water, gradually deposits the bimodide of platinum ; 
in sunshine, the deposition takes place more quickly. Chlorine decom¬ 
poses the solution, tlnoviug down iodine and iodide of platinum, alkalis 
added to it, immediately form iodine-salts. (Lassaigne.) 


O ystalhzed. 
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E. Iodate of Platinic Oxide, or Platinic Iodate —Iodic acid 
forms, with bichloride of platinum, a yellow precipitate, somewhat soluble 
in water. (Pleischl.) 


Platinum and Bromine. 

A. Bibromide of Platinum, Platinic Bromide, or Bromoplatinic 
Acid -—Cold bromine has no action upon platinum (Balard), neither does 
bromine vapour, passed over ied-hot platinum wire, exert any action 
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upon it. (Liebig )—The compound is formed by dissolving platinum in a 
mixtuie of hydiobromic and nitric acid, and evaporating the solution (at 
70°, according to Bonsdoiff) to dryness (Balard )—Brown crystalline 
mass, whose aqueous solution reddens litmus. (Bonsdoiff)—Resolved 
into its elements at a red heat (Balaid )—Deliquescent (Rammelsbeig), 
dissolves m water, forming a reddish-yellow solution With more basic 
metallic bromides, which destroy its power of reddening litmus, it forms 
bionnne-salts ( Bromoplatmates) of a deep red colour, (Bonsdorff, Pogg. 
10, 343 ) 

B Bromate of Platinic Oxide, or Platinic Bromate. —When 
aqueous platinic sulphate is precipitated by bromate of baryta, a 
yellow filtrate is obtaiucd, wlncb, when evapoiated over the water-bath, 
soon gives off oxygen gas and bromine vapour, and finally solidifies in 
the fonn of biown, crystalline bibiomide of platinum (Rammelsberg, 
Fogg 55, 86 ) 


Platinum and Chlorine. 

A PROTOCIILORIDE OF PlATHVUM, PlATINOUS ClILORIDE, 01’ ClILORO- 
platinous Acid. — 1 Pulvenzed bichloride of platinum placed m a por¬ 
celain basin standing m the sand-bath, is heated, with constant stirring, 
to the melting point of tin (Beizelius ) Vauquelin digests the product 
with water to extract any biclilonde of platinum that may lomam undc- 
composed —2 If the heat applied be not sufficient to decompose tlio 
whole of the bichlonde of platinum, the lesidue dissolves completely m 
water, forming a daik brown, nearly opaque liquid, because the pioto- 
chloiide of platinum is icndeied soluble thiougli the medium of the 
bichloride. On evaporating the solution, tlio protochlonde is deposited 
in the form of a brown powder, the quantity being greater, the moie tlio 
liquid is concentrated,* and on evaporating to diyncss and digesting in 
cold water, the whole of the biown powder remains undissolved. This 
powder, notwithstanding its different colour, has the same composition as 
the greenish-grey protochlonde of platinum, but dissolves much more 
easily in hydiochloiic acid After the liquid containing the bichloride 
of platinum has been decanted off, the brown powder is no longer soluble 
m water, but dissolves again m tbe decanted liquid, on the application of 
licat and addition of water. (Magnus, l^ogg. 14, 239 )—(1.) Grcomsh- 
giey powuler, which, like a fatty substance, is scarcely wetted by water. 
(Berzelius)—(2) Biown powder. (Magnus) 

Beizelms. Magnus. Vauquelin. 

(1) (1) (2) (1) 

Pt , . 99 0 73 06 . 73 3 73 62 . 74 03 . 72 3 

Cl 35 4 26 31 26 7 . 26 38 25 95 27 5 

Ptci 134 4 . ioo oo loo o . ioo oo . loo’oo 100 0 

Decomposed by heat into chlorine gas and platinum. 'With aqueous 
potash, it yields liydiated platinous oxide and chloride of potassium, con¬ 
verted by boiling aqua-regia and also by hydrochloric acid, if the air has 
access to it, into aqueous bichloride of platinum. Not affected by nitric 
acid, sulphuric acid, or water. (Berzelius.) 

B. Hydrochlorate of Platinous Chloride, or Acid Hydrochpo- 
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ate op Platinous Oxide —Formed by dissolving protocliloride of 
ilatmnm m stiong boiling bydrocbloiic acid, out of contact with the air. 
Berzelius, Vauquehn.) The brown piotoclilonde dissolves much moio 
eadily than the grey (Magnus ) The puiple-ied solution, when eva- 
jorated, leaves the brown protochloride, insoluble m watei. Soda throws 
lown fiom it the black hydrated protoxide. (Vauquehn.) 

C. Bichloride of Platinum, Platinic Chloride, or Ciiloropla- 
cinic Acid —Anhydrous liquid chlorine has no action on platinum wne. 
'Kemp ) Chlorine-water slowly dissolves platinum. 

Preparation . 1 By dissolving platinum in concentrated aqua-regia, 

md evaporating the solution to dryness over the water-batli. To dissolve 
die platinum, the presence of nitrous acid is required. A mixture of pure 
Qitnc acid (fice, i e from nitrous acid) and chlorate of potash, has no action 
on spongy platinum, even at 125°. Keither is the spongy platinum 
attacked by a cold mixture of hydrochloric and pure nitric acid suffi¬ 
ciently diluted, but on the addition of nitrite of potash, cliloroplatmate of 
potassium is veiy slowly pioduced (Millon, Compt lend 14, 906 ) — 
2 By passing chlonne gas through waim water m which cliloroplatmate 
of ammonium is diffused, till the whole of the ammonia is decomposed, 
and evapoiatmg. (Vauquehn.) In this process, the dangerous chloride 
of nitiogen is very likely to be foimed. 

Dark led-brown mass, its aqueous solution reddens litmus, has a very 
astungent taste, and colours the skm brownish black 

Berzelius. Vauquehn. 

Pt 99 0 58 30 58 01 47 

2C1 70 8 41*70 41 99 53 

Ft CP I 169 8 100 00 100 00 Too" 

Beizelius’s numbers are calculated fiom his analysis of chloroplatmate cf potas¬ 
sium —Vauquelm suspects that his chlonde of platinum was not quite fieed fiom aud 
and water. 

Gives off chlorine when heated, being fiist reduced to protocliloride of 
platinum, and then to the metallic state (Berzelius.) Platinum letams 
chlorine much more tenaciously than gold, hence if a mixtuie of the 
clilondes of the two metals he caiefully heated, the midecomposcd 
chlonde of platinum may he exhacted by water, while metallic gold 
lemarns behind. (Gm ) Sulphurous acid gas passed through the aqueous 
solution of bichloride of platinum, decolonzes it by conveitmg the bichlo¬ 
ride of platinum into protochlonde, the same effect is pioduced by 
alkaline sulphites. A solution ot the bichlonde through wduch sulphur¬ 
ous acid gas has been passed for 8 hours, exhibits a daik brown coloui, 
and forms with ammonia the gieen piecipitate (NH\PtCl) discoveied by 
Magnus; but after boiling or standing for some time, it loses its colour, 
and then no longer gives a precipitate with ammonia. (Liebig, Ann, 
Pharm 23, 23 ) The solution decolorized by sulphite of ammonia or 
sulphite of potash is not precipitated by ammomaoal salts or by boiling 
with potash. When exposed to the air, it lecovers its yellow colour. 
(Liebig, Pogg 17, 108 ) The application of heat to the platinum-solution 
satuiated with sulphurous acid,accelerates the decoloration, the sulphites 
of ammonia and potash act in the same manner as free sulphurous acid, 
but an excess of them produces a white gianular piecipitate (Bertlner, 
W. Ann . Chun. Phys. 7, 82 )—A solution of bichloride of platinum in 
alcohol gradually loses its power of precipitating potash-salts, being 
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converted into the inflammable chloride of platinum discovered by Zeise. 
According to Gehlen {A. Gehl 3, 571), the ethereal solution, when ex¬ 
posed to light, becomes pale yellow and deposits platinum —The aqueous 
solution is not precipitated in the dark, either by excess of carbonate of 
soda or by lime, but on exposure to light, compounds of platinic oxide 
with soda or lime are deposited. ( vid. 'inf') For the other leactions, vid. 
Platinic Sales (pp. 283—285). 

Hydrated Bichloride of Plat mum. —The aqueous solution concentrated 
by evaporation solidifies, on cooling, in brown-red needles, radiating fiom 
the centre of the vessel, they contain 36 91 p c of platinum, andaie 
therefore composed of PtCl 2 ,10Aq. (Mather, Sill Artier . J . 27, 262 ) 

Aqueous Bicldoiide of Platinum , or Hydrochlorate of Platinic Oxide. — 
This is the ordinary solution of platinum Bichloride of platinum dis¬ 
solves in water with evolution of heat The solution m the puie state is 
brownish yellow. The browner colour which it generally exhibits pro¬ 
ceeds from iridium A dark brown tint is also given to it by the presence 
of protochlonde of platinum, e.g. } when the platinum-solution is heated, 
after evaporation, till it begins to give off chlorine, and tho residue is 
redissolved in water. (Berzelius,) 

D. Qhlorosulphide of Platinum ?—From a solution of platinum in 
aqua-regia, sulphuretted hydiogen thiows down a mixture of sulphide and 
chloride of platinum, which detonates m particular parts when heated. 
(Bei zelms, Lehrb ) 

E Ohio) iodide of Platinum ? —When a solution of bichloiide of plati¬ 
num is mixed with excess of liydnodic acid and evaporated to dryness 
(hydrochloric acid then escaping) and the residue heated to 149°, (whereby 
the excess of liydnodic acid is driven off, together with chloride of iodine,) 
a mixture of bichloride and bimodidc of platinum is left, m the form of a 
black powder. An analysis gave 32 50 per cent, of platinum, 59*61 
iodine, 7 03 chloiine (loss 0 86).—Between 205° and 315°, the mixture 
gives off brownish-yellow vapours of chloride of iodine and violet vajiours 
of iodine, and leaves spongy platinum. It dissolves in aqueous potash, 
foimmg a red solution, from which it is precipitated unchanged on tho 
addition of sulphuric acid It is insoluble in water, slightly soluble in 
alcohol. (Mather, Sill. Am. J 27, 257.) 

F Nit) ic Oxide ivith Bichloride of Platinum? —A solution of platinum 
in aqua-icgia is evaporated, with fiequent addition of aqua-iegia, till half 
of the liquid ciystallizcs on cooling, the crystals are then collected on a 
filter, and pressed between bibulous paper.—Small orange-yellow crystals. 
—They give off no water at 100 c , They deliquesce rapidly in the air. 
When water is poured upon them, a solution of bichloride of platinum is 
formed, and nitric oxide escapes with busk effervescence. (Rogers & Boye, 
Phil, Mag . J. 17, 397, also J. pr. Ohem. 26, 150.) 

Rogers & Boye. 

Pt . 41 26 

Cl . 43 89 

NO 2 . 4 89 

HO and loss 9 96 

100-00 

No formula can be deduced fi om this analysis. 
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The author likewise obtained tins compound by digesting spongy 
platinum with aqua-regia for several days, in a basin covered with glass 
and placed over the water-bath, and afterwards leaving it to cool. At 
the bottom of the brown mother-liquid there were found, together with 
undissolved spongy platinum, yellow granular crystals, which, when 
covered with water in a vessel containing air, e\ olved led fumes, but in a 
vessel filled with carbonic acid, gave off colourless nitnc oxide. 

Platinum and Fluorine 

Bieluoride of Platinum, and Hydropluate of Platinic Oxide — 
A solution of fluoride of potassium is dropped into an aqueous solution of 
bichloride of platinum not containing excess of acid, as long as a precipi¬ 
tate of chloroplatinate of potassium continues to form. The liquid is then 
filtered and evaporated, the fluoride of platinum dissolved out by alcohol, 
which still leaves behind a small quantity of chloroplatinate of potassium, 
and the alcoholic liquid mixed with water, and again evaporated If 
only a slight degiee of heat be applied, there remains a non-crystalline, 
yellow, transpaient mass, which ledissolves completely m water, at 60°, 
on the other hand, the mass becomes dark brown, and when dissolved in 
water leaves a biown basic salt —Bifluoride of platinum combines "with 
the fluorides of the alkali-metals, forming fluonne-salts. (Berzelius ) 

Platinum and Nitrogen. 

A. Nitrate of Platinous Oxide, or Platinous Nitrate.— 
Hydrated platinous oxide dissolves in dilute nitric acid, forming a 
greenish-brown solution, which appeals almost black when evapoiated to 
dryness, the solution, however, contains a laige quantity of platinic 
oxide, which is gradually produced in greater abundance, the more the 
acid is in excess (Berzelius ) 

B. Nitrate of Platinic Oxide, or Plvhnic Nitrate—1 By 
dissolving hydrated platinic oxide in nitric acid.—2. By decomposing 
platinic sulphate with an exactly equivalent quautity of nitrate of baryta, 
and filtering —3. By adding nitre to aqueous bichloride of platinum, as 
long as chloroplatinate of potassium is deposited. 

3PtCl“ + 2(KO,NO J ) = 2(KCl,PtCl : ) fPtCP,2N0 5 . 

According to this equation, ± of the platinum remains dissolved in the 
foim of nitrate. The decanted dark brown liquid yields on evaporation 
a mass of the consistence of honey, which, after evaporation at a strong 
heat, dissolves but paitially in water, leaving a basic salt (Bei zebus ) 

C. Ammonio-protoxide or Platinum, or Platinite of Ammonia. 
— a. With 2 At. Animo?na —2NH 3 ,PtO,HO—After the discoveiy of 
ammonio-protochlondo of platinum (p 300) by Magnus, a series of 
salts was discovered by Gros, which may be supposed to contain 
the base, 2NH 3 ,PtC10 {PI at mum-basis of Gros); and two other senes 
of salts by Reiset, the one containing the base, 2NH 3 ,PtO (I?onset's 
first Platin um-basis) , and the second, NH 3 ,PtO (Peiset's second platinum - 
basis). Other formulae may likewise be given for these bases, thus 
Berzelius gives for Gros’s base, NH 2 ,PtCl + NH 4 0, and for Reisct’s fust 
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base, NH 2 Pt + NH 4 0. [For Gerhardt's ibeory of those compounds, seo 
p. 813, et seq ] 

Tins compound is obtained by precipitating the solution of tlio sul¬ 
phate (2NH } ,PtO, SO 3 ) with the proper quantity of baiyta-water, evapo¬ 
rating the filtrate out of contact of air, and finally in vacuo over oil of 
vitriol, till it solidifies m a mass consisting of white needles and becoming 
opaque when perfectly dry The crystalline mass thus dried contains 
1 At. water, and is composed of 2NH 3 ,PtO,PIO According to Berzelius, 
it is NH 3 ,PtO-fNH 4 0 Its taste is very alkaline and caustic, like that 
of potash, and its solution absorbs carbonic acid greedily from the air, 
and decomposes starch-sugar just like a solution of potash. (Beisot.) 
From a solution of nitrate of silver, it throws down silver-oxide, just 
as potash does (Peyione,)—The crystalline mass fuses at 110°, gives off 
1 At ammonia and 1 At. water with stiong intumescence, and leaves 
NH 3 ,PtO. (Reiset) It deliquesces m the air, and its aqueous solution does 
not give off ammonia, oven when boiled (Reisct) With 1 At of the 
diffeient oxygen acids, it forms a scries of perfectly neutral salts, fiorn 
which it is separated again m its original state, by strongci bases. The 
solutions of these salts deposit metallic platinum after long standing, but 
without the formation of an amraomacal salt, it is therefore probable that 
similar salts exist, containing the bioxide instead of the protoxide of 
platinum. (Rei&et ) Slightly soluble m alcohol (Peyrone.) 

1 With 1 At. Ammonia. —NH 3 ,PtO.—Remains in the form of a 
greyish mass when the compound a is heated above 110° —When heated 
in a letorfc above 200°, it is quietly resolved into nitiogen gas, ammonia, 
water and platinum, Piobahly Pt 3 N is fiist produced, and is afterwards 
resolved into nitrogen gas and platinum 

3(NH 3 ,PtO) = Pt*N + 3110 + 2NIP. 

But if it he heated to 200° at one point with access of air, it becomes red- 
hot, the glow spreading from that point, and makes a hissing noise In 
this case, the spongy platinum induces the combination of tlio liydiogen m 
the ammonia with the oxygen of the air, just as it act 6 ! upon hydrogen 
gas mixed with air. This base is insoluble m water and ammonia, and 
combines with acids, foimmg detonating salts which are insoluble m 
water. (Roiset ) 

D. Ammonto-binoxibe op Platinum, or Platinate or Ammonia •— 
a Fulminating Platinum —1 Formed by decomposing chloioplatinnto 
of ammonium with aqueous potash. The piccipitato lequircs a higher 
temperature to explode it than fulminating gold or silver, and does not 
detonate so violently. (Pioust, A r Gehl. 1, 348 )—Accoidmg to J)obciemer 
{Gdb 72, 194), the straw-coloured precipitate contains 3 At platuuc 
oxide with 1 At. ammonia, and detonates slightly vlien rapidly heated, but 
strongly when subjected to a gradual heat 

2. By dissolving platinum sal-ammoniac in a very largo excess of 
aqueous potash, and precipitating the fulminating plat mum from the 
filtrate by neutralizing with hydiochlovic acid It detonates slightly 
when suddenly heated, strongly when exposed to a gradual heat, (Fourcroy 
& Vauquelin, W. Gehl. 1, 348 ) 

3. By precipitating aqueous platmic sulphate with ammonia, boiling 
, the piecipitatc with potash-ley, and tlion washing and drying.—Brown 

powder, permanent in the air—^Contains 73 75 per cent, of platinum 
combined with 8*75 of oxygen, 9*00 of ammonia and 8*50 of water. 
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Does not explode by friction, pei mission, or the electric spark, but deto¬ 
nates violently when heated to 205°. It is converted by chlorine-water 
into sal-amniornac and aqueous bichloiidc of platinum, yields when 
heated with nitric acid, the peculiar oxide of platinum described on 
p. 282 , dissolves in sulphuric acid without evolution of gas, and forms 
a dark brown solution; and is not sensibly attacked by hydrochloric 
acid. (E. Davy, ScJiw. 19, 91.) 

1. NH 3 ,PtO 2 + 2Aq—Geihardt’s Platmamme = NHpt 2 -f 2Aq (p 314) 

E, Ammonio-carbonate of Platinous Oxide. —The compound 
2NH 3 ,PtO dissolved m water, is converted, on exposure to the air, first 
into 2NH 3 .PtO,C0 3 , HO, and afterwards into 2NH 3 , PtO, 2C0 3 , HO. 
(Reiset.) The former compound is likewise produced m the decomposition 
of 2NH 3 ,PtCl by aqueous monocarbonate of potash (Peyrone ) 

F. Sulphoplatinate of Ammonium —Sulphide of platinum precipi¬ 
tated by sulphuretted hydiogen, dissolves in hydrosulphate of ammonia, 
forming a led-brown solution, flora which it is precipitated by acids with 
the same colour. (Berzelius ) 

Gf- Sulphite of Platinous Oxide and Ammonia. —NH 4 0,S0 2 + 
PtO,S0 3 .—Falls down as a white, crystalline precipitate, when a solution 
of bichlonde of platinum, decolorized by sulphuious acid gas, is neutialized 
with ammonia and mixed with absolute alcohol. The salt purified by wash¬ 
ing with alcohol dissolves easily m water, forming a colourless liquid, which 
gives with nitrate of silver a peculiar precipitate, different from chloride 
of silver, and is not precipitated by potash It likewise gives no pre¬ 
cipitate with alkaline hydrosulphates; but on the subsequent addition of 
hydrochloric acid, a yellow precipitate is formed, which, when the mixture 
is heated, first turns brown, and afterwards black. (Liebig, Pogg 17, 108, 
and Ann. Pharm. 23, 23, Bockmann, Liebig , Traite de Clam Org . 
Pans, 1840, 102 ) 

When sulphuious acid gas is passed through an aqueous solution of 
bichloride of platinum, till the latter no longer gives a precipitate with 
sal-ammoniac, the liquid left to itself for a few days in a stoppeied bottle, 
and ammonia afterwards added, at least tlnoe compounds are formed, con¬ 
sisting of sulphurous acid, platinous oxide, and ammonia a Neaily 
insoluble m water, kydrocbloiic acid conveits it, with evolution of 
sulphuious acid, into a chlorine-compound consisting of sinning lemon- 
yellow, or orange-yellow crystals.— b Moie easily soluble, solidifies on 
cooling in transparent and colourless needles, behaves with hydiochlonc 
acid like a — c Very easily soluble; does not crystallize on evapoiation, 
but separates in the form of a wdnte powder, when treated with liydro- 
chloiic acid, it yields a yellow powder, similar to the yellow body, 
NH 3 ,PtCl (p. 302) (Peyrone ) 

H Ammonio-sulpbate of Platinous Oxide— a With 2 At 
Ammonia . —2NH 3 ,PtO,S0 3 .— a . Yellow — 1 . Reiset’s soluble compound 
(2KH 3 ,PtCl,HO) is decomposed by sulphate of silver-oxide, and the 
filtrate evaporated to the crystallizing point (Reiset.)—2. The same 
chlorme-compound is decomposed by moderately strong sulphuric acid, 
the action being attended with evolution of hydrochloric acid (Peyrone )« 
Crystallizes with facility, and is neutral to vegetable colours. (Reiset.) 
Always forms yellow, transparent, square-based octohedrons. (Peyrone ) 
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/3 Colourless. —Formed by decomposing Peyrone’s transparent and 
colouiless crystalline compound 2NH 3 , PtCl (p. 300) with moderately 
stiong sulphur ic acid. Each drop of the acid added to the solution of the 
chlorine-compound throws down white pearly scales of an acid salt, 
which, however, when dissolved in warm water and subsequently cooled, 
yields crystals of the mono-acid salt, while the excess of sulphuric acid 
remains with the water. Transparent and colouiless squaie-based octo- 
hedrons, which have no action on vegetable colours. Slightly soluble in 
cold water, dissolves m 50 or 00 parts of boiling water Insoluble in 
alcohol of ordinary strength. The solution of the salt in dilute sulphuric 
acid yields scales of the acid salt when evaporated, but on further evapo¬ 
ration, it deposits blood-red needles, which are quickly transformed into 
the led scales, when the solution is still further evaporated, a black mass 
is fonned, and on dissolving this mass in water, metallic platinum remains 
behind (Peyrone.) 



Crystallized , dned at 100°. 

Peyi one 

a. Yellow, ft Colourless 

2 N 

28 

15*47 

6 H 

6 

3 32 

3 76 . 3 50 

Pt 

99 

. 54 69 

54 19 54 38 

0 

8 . 

4 42 


SO 3 

40 

22 10 

22 12 22 26 

am-UPto.so 3 

181 

100 00 



L . With 1 At Ammonia' —NH 3 ,PtO,S0 3 + HO.—Formed by boiling 
the iodine-compound (NH 3 ,PtI) with aqueous silver-sulphite, the ebullition 
being continued for a long time, because the decomposition takes place 
butslovly. The salt reddens litmus strongly. The 1 At water which 
it contains cannot be separated By solution m ammonia, it is convcited 
into the salt a, a } just considered, (llciset) 

I. Ammonio-sulpiiate of Platinic Oxide.— Basic. —On neutralizing 
platinic sulphate with ammonia, and boiling for a few minutes, the liquid 
becomes colourless, and a pale biown, tasteless powder is precipitated, 
which is permanent in the air, detonates slightly when heated, is decom¬ 
posed by a boiling solution of potash, and dissolves m hot hydrochloric or 
sulphunc acid, but not m water. (E Davy ) 

K. Ammonio-protiodidd of Platinum — a. With 2 At Ammonia — 
2NH 3 , PtI — Foimed by decomposing the aqueous sulphate H,«,a 
(2NH 3 ,PtO,SO 5 ), with iodide of baiium, and cvapoiatmg the filtiate.— 
Cubes.—The aqueous solution, when boiled, gives off 1 At ammonia, and 
deposits the following compound. (Reiset) 

5. With 1 At Ammonia. —NId 3 ,PtI.—Precipitated on boiling the 
aqueous solution of the compound a. Yellow powder, which dissolves in 
ammonia, and is thereby reconverted into the compound a. (Reiset.) 

L. Iopoplatinate of Ammonium —The solution of bmiodide of 
platinum m hydnodate of ammonia, obtained by digestion at a gentle 
heat, yields, on evaporation, small, metallic-looking, blackish, square 
tables, which aie anhydrous and permanent m the air "When heated, 
they give off nitrogen, ammonia, iodine, and hydiiodate of ammonia, and 
leave 23 per cent, of platinum. They dissolve sparingly m vater, 
foiming a red solution, but are insoluble in alcohol (Lassaigne, /. Ohm. 
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vied 8, 715.) Kane (Phi Mag. J . 2, 198), by mixing a solution of 
bimodide of platinum in aqueous hydiiodic acid with ammonia, obtained a 
black precipitate, which m a few minutes became brown, and afterwards 
of a fine red colour, it was found to contain 144 pts (1 At.) of hydiiodate 
of ammonia and 1,425 pts (5 At.) of sesqui-iodide of platinum 

Crystallized Lassugue. 

KH 4 I . . , . 144 , 17 02 17 01 

2Pt . . 198 23 40 23 00 

41. .. 504 „, 59 58 . , 59 99 

NHMjPtP " " 846 . 100 00 ~ 100 00 

M. Ammonio-protobromide op Platinum —2NH 3 ,PtBr.—Prepared 
by means of bromide of barium, just as the lodoplatmate is obtained with 
iodide of barium. It likewise crystallizes in cubes, but its aqueous 
solution is not decomposed by boiling (Reiset.) 

N. Ammonio-protochloride of Platinum.— a With 2 At Am¬ 
monia — 2NH 3 , PtCl — [Hydrochloiate of Diplatosamme = N-H’Pt, HC1 ] — 
Protochloride of platinum is immersed m aqueous ammonia, and boiled 
with it, the liquid being fiequently renewed, till the green compound of 
Magnus, which is foimed at first, with evolution of heat, is dissolved,— 
aftei which the solution is evapoiated to the crystallizing point. The 
green salt of Magnus may likewise be tieated in a similar manner. 
(Reiset ) The solution obtained by boiling Magnus’s green compound 
with ammonia is evaporated to dryness, the residue dissolved in cold 
water, the yellow solution gently evaporated, then cooled to the 
crystallizing point, and the product purified by recrystallization. Car¬ 
bonate of ammonia cannot be used m the preparation; it is true that 
Magnus’s green compound dissolves in it as readily as m caustic 
ammonia, but the crystals thus obtained are contaminated with a powder 
which effeivesces with acids, and is veiy difficult to separate, (Peyrone ) 
—2 Sulphurous acid gas is passed thiough aqueous bichlonde of platinum 
till the liquid is completely decolorized, sulphite of platmous oxide 
and soda piecipitated fiom it by the addition of caibonatc of soda, 
the precipitate dissolved m hydiochlone acid, and the resulting solution 
of ehlonde of sodium and piotochlonde of platinum satinated m the cold 
with a very large quantity of ammonia. The mixture of 2NH 3 ,PtCl and 
!NH 3 ,PtCl, thereby piecipitated, is dissolved in boiling hydrochloric acid. 
The filtrate, on cooling, deposits NH^PtCl, while 2NH a ,PtCl lemams m 
solution The latter separates out on evaporation, mixed however with 
sal-ammoniac; hence it is better to precipitate it from the solution by 
alcohol, wash with alcohol, dissolve in water, and leave the compound to 
separate from the solution by evaporation and cooling Even when the 
crystals appear perfectly transparent and colourless, they may still be con¬ 
taminated with NH 3 ,Pt01 To purify them fiom the lattei, their solution 
in cold water is evaporated over the water-bath till needles begin to form, 
and inciease consideratfy as the liquid cools; the mother-liquor is then 
poured off, and the needles pressed between bibulous paper, and dried at 

1 00®. (Peyrone ) 

Prepared by (1) it forms beautiful needles (Reiset) Transparent, 
straw-yellow, four-sided needles. (Peyrone )—By (2): tianspaicnt, colour¬ 
less, brittle, four-sided needles, without action on vegetable colours, and 4 
having a pure saline taste. (Peyrone ) ' 
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Peyrone. 


2N. 

Crystallized > dried at 100°. 
. 28 0 16 63 . ... 

(i) 

(2) 

6 H . . 

6 0 

3 56 

3*92 

. 3 81 

Pt „ . 

. 99 0 

58 79 

58 29 

58 30 

Cl 

35 4 

. 21 02 

20 99 

20 86 


168 4 100 00 


Reiset ( Compt rend. 10, 870) assigns tlie samo composition to tins 
substance, but more recently (Compt. 7end IS, 1103) he supposes it to 
contain 1 At. water, making the formula, 2NH*,PtCl -j- HO 

Peyrone supposes that the compound prepared by Ins process (2) is 
different from that of Reiset,*—notwithstanding the similarity of con¬ 
stitution and general resemblance in other respects,—inasmuch as (1) is 
yellow, and foims yellow salts with oxygen-acids (of which colour, how* 
evei, Reiset says nothing), whereas (2) is colouiless, and forms colourless 
salts, and moreover (I) is somewhat less soluble m watei and alcohol. 

When the crystallized compound obtained by (1) is heated m a tube, 
it gives off 1 At ammonia, at about 250 J , and leaves the yellow compound 
NH 3 ,PtCl, at a higher ternperature, it emits dense fumes of sal-ammoniac, 
and ultimately of hydrocldoric acid, while metallic platinum lemams 
behind (Reiset.) The evolution of ammonia from the compound (2) 
begins at 220°, and becomes more energetic at 240°. If the heat be dis • 
continued, when the evolution of ammonia ceases, and the residue bo 
dissolved m boiling water, the solution yields, on cooling, yellow, trans¬ 
lucent crystals of NH 3 ,PtCL (Peyione ) The compound (I) heated with 
caustic potash gives off no ammonia till heated to the boiling point. 
(Reiset ) (2) is decomposed by caibonate of potash, slowly in the cold, 

instantly at temperatures between 40° and 50°, yielding chloride of 
potassium and ammonio-carbonatc of platmous oxide (Peyrone ) 

2 NIi 3 , PtCl + KO, C0 2 =2NH 3 , PtO, CO 2 + KC1 

Potassium-amalgam forms with the pulverized crystals (2), chloride of 
potassium, and a black powder containing mercury, platinum, and a largo 
quantity of ammonia (Peyrone.) 

2 NH 3 , PtCl + Bt l K = 2NIP, PtHg**' + KCL 

The crystals (2) evaporated to dryness w T ith excess of hydrochloric acid, 
leave a mixture of sal-ammoniac and yellow NH 3 ,PtCl. (Peyrone )—-The 
crystals (1) dissolve m gently heated nitric acid, with evolution of nitrous 
gas, forming a liquid, from which the nitric acid salt of Gios (2NIP, 
PtClOjNO 5 ) sejiaiates out. (Reiset.) Accoiding to Peyrone, on the other 
hand, the crystals (2), when treated with sulphuric, nitric, oi oxalic 
acid, grve off the whole of their clilorme m the form of hydrochloric acid, 
and are converted into salts whose base consists of 2NH 3 ,PtO, e. g.. 

2NIP,PtCl + HO,SO 3 = 2NH 3 ,Pt0,S0 3 + HCL 

Chlorine gas passed through the solution, converts the crystals (1) into 
the chlorine-compound of Gros (2NH 3 ,PtCl 2 ). (Reiset.) Silver-salts are 
decomposed by contact with it, yielding chloride of silver and salts having 
2NH d ,PtO for their base. (Reiset)—The aqueous solution of (2) is imme¬ 
diately converted, by contact with protochlonde of platinum, into the 
green compound of Magnus. (Peyrone.) 

\ t 2KiP ? ptci+ptci = 2 (Nip,P tci). 




302 


PLATINUM. 


Tlie crystals (1) dissolve readily m water and in aqueous ammonia, and 
are precipitated from tlie solutions by alcohol. (Reiset.) The crystals (2) 
are slightly soluble m alcohol of ordinary sticngth, insoluble m absolute 
alcohol (Peyrone.)—The solution of the compound (1) mixed with less 
than the equivalent quantity of aqueous bichloride of platinum, yields a 
copious olive-green piecipitate = 2(2NH 3 ,PtCl) 4* PtCl 3 — If, on the 
contrary, the solution of bichloride of platinum is m excess, a pale-red 
crystalline powder is piecipitated, = 2NH 3 ,PtCl + PtCl 2 . (Reiset.) 

b . With 1 At Ammonia —NH 3 , PtCl. — [Hydtochloiate of Platosa- 
mme == NH 2 ,Pt,HCl ]— a. Yellow —1 This compound is obtained by 
proceeding as m the second mode of preparing the preceding compound a 
(p 300) From the solution in boiling hydrochloric acid of the precipi¬ 
tate obtained by ammonia, the compound b sepaiates on cooling, first as 
a yellow powder, afterwards in small yellow crystals, while the com¬ 
pound a remains m solution. The precipitate, after washing with water, 
is purified by dissolving it twice m hot liydiochloric acid (Peyrone )— 
2. Bichloride of platinum is heated to 250°, to convert it into protochlo¬ 
ride, the latter dissolved m hydrochlouc acid, the solution neutralized 
with carbonate of ammonia, and the mixture heated to the boiling-point, 
with further addition of ammonia equal m quantity to that already 
introduced, wheieupon the garnet colour of the liquid gradually changes 
to straw-yellow, and a dingy green substance is deposited after a while. 
If the liquid be filtered just at this moment, the filtiate, on further 
cooling, will deposit the yellow crystalline substance, tbe remaining 
liquid must then be quickly decanted, otherwise the yellow substance 
will redissolve m the caibonate of ammonia therein contained. To free 
the yellow body from two dingy green substances with which it is mixed, 
it is digested m boiling water, and filtered, one green substance is then 
left on the filter, while the other remains dissolved in the water, from 
which the pure yellow substance then separates out (Peyrone )—3. Tbe 
pulverized compound a (2NH 3 ,PtCl) is heated m a basm on the sand- 
bath to a temperature between 220 3 and 270 J , constantly stined, as long 
as ammonia continues to go off, and removed fiom the file as soon as 
fumes of sal-ammoniac make their appearance. (Peyrone, Reiset.) — 
4. The compound a is mixed with a large excess of hydrochloric acid and 
evapoiated to dryness, the resulting sal-ammoniac being dissolved out by 
water. (Peyione.)—5 The solution of NH 3 ,Pt0,S0 3 , or of NH 3 ,PtO,NO*, 
mixed with hydiochlonc acid or a dissolved metallic chloride, deposits a 
ciystallme powder in a few seconds. (Iteiset.)—6 When Magnus’s green 
compound is boiled for some tune with a concentrated solution of sulphate 
or nitrate of ammonia, it dissolves, and separates out again, as the solu¬ 
tion cools, not in its original state, but converted into yellow scales 
(Reiset.)—IT 7. The yellow modification may also be obtained in quantity 
by adding solution of potash m small successive portions to a solution of 
protoehloride of platinum neutralized with carbonate of ammonia, and 
kept at a temperature of 13°. (Peyrone ) IT 

Yellow powder (when prepared by (2) it has a tmge of orange- 
yellow"), or small yellow crystals. (Peyrone.)—Beautiful yellow crystal¬ 
line powder, or crystalline scales. (Reiset ) 


Peyrone. 

N ...... ..... . . 14*0 .. 9*25 . 9 00 

3 Li .... . 3*0 .. 1*98 . . 2 18 

Pt 99 0 . 65 39 . , 65*06 

Cl 35 4 23 38 . 23 32 


NH 2 ,PtCl„„,... 151*4 .... 100*00 . . 99*56 
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Decomposes at about 270°, with evolution of sal-ammoniac vapours 
and hydrochloric acid, and finally leaves metallic platinum: 

3(NH 3 ,PtCl) = 3Pt + 2(NH 4 Cf) -j- HCl-f- N, 

Cold oil of viti'iol has no action on the yellow body, hot oil of vitriol 
liberates hydrochloric and sulphurous acid, and leaves a yellow l&h-bi own 
substance which is decomposed by boiling water Nitnc acid converts 
the yellow body, without separation of platinum, into the two following 
substances, (a). Small, transpaient, lemon-yellow, regular octoliedrons, 
containing 51 37 per cent, of platinum, easily soluble in water, somewhat 
less soluble m alcohol —■(£) Syrupy, non-crystallizing, easily soluble m 
water and alcohol, forms crystallizable compounds with sesquichloricle of 
non, protochlonde of mercury, and bichloride of platinum —The yellow 
body is decomposed by silver-salts, with formation of chloride of silver—* 
It dissolves completely in carbonate of ammonia, forming the compound 
2NH 3 ,PtCl, which, however, when thus pioduced, chffeis greatly m its 
physical properties from Reiset’s compound. (Peyionc )—It dissolves m 
aqueous ammonia, forming the crystalline compound 2NH 3 ,PtCl (Reiset.) 
It dissolves in aqueous carbonate of potash, and sparingly, hut without 
alteration, in water, hydrochloric acid, and dilute sulphuric acid. (Pey- 
rone ) Slightly soluble m boiling water, (Reiset.) 

IT j3. Red Modification. —1. When carbonate of ammonia, instead of 
being at once added m excess to a neutral solution of piotochloride of 
platinum heated to 100° (as in «, 2), was added drop by drop to a solution 
of that salt in a state of rapid ebullition, no change of colour took place, 
a sign that the yellow salt was not pioduced, but the solution, when left 
to cool slowly, deposited small, veiy beautiful, garnet-coloured crystals, 
in the form of six-sided tables. The crystals were insoluble in cold 
water, and were decomposed by boiling watci, the whole of the platinum 
being separated When the crystals were treated with mtnc acid, pro¬ 
ducts were formed, probably analogous to those which aie produced, 
under similar circumstances, from Magnus’s green salt This salt is 
precisely similar m composition to the piccedmg It was, however, only 
formed once, all endeavouis to reproduce it being fruitless.—2 On adding 
a small quantity of carbonate of ammonia to a boiling, very dilute, and 
neutral solution of protochloride of platinum, a very small quantity of 
minute shining scales aie formed, having a reddish colour, similar to that 
pioduced by passing carbonic acid gas thiough tincture of litmus These 
scales arc distinguished from the preceding substance by being soluble in 
cold, and still more in boiling water, moicover, they are not decomposed 
by the latter. They aie extremely light, the slightest motion m the air 
being sufficient to cairy them up—With nituc acul, this substance 
behaves like the preceding; also with ammonia, excepting that its con¬ 
version into Magnus’s salt, by the action of the latter, takes place only at 
a boiling beat Its composition is exactly similai. (Pcyronc )—3. A 
quantity of the mother-liquid obtained in the preparation of the yellow 
salt, was mixed with ammonia, and boiled, in order to convert any of the 
yellow salt that might be contained m the solution into the compound 
2NH 3 ,PtCl. After the excess of ammonia had been driven off, a solution 
of protochloride of platinum was added by small portions at a time. No 
formation of the green salt took place, and the solution retained its original 
colour; hut as the liquid cooled, small octoliedrons, apparently with 
square bases, aud of a blight-red, or orange-red colour, separated from it. 
These crystals are very slightly soluble m cold water, and dissolve m 
about 50 times their weight of boiling water. When dissolved and 
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recrystallized* they undergo slight modifications of colour and grouping, 
arranging themselves in feru-like tufts, and acquiring by repeated 
crystallization first an orange-red, then an ambei-yellow, and finally a 
yellowish green or olive-gieen colour. Ammonia at a boiling heat dis¬ 
solves them readily, without formation of Magnus’s green salt. The 
resulting solution is tiansparent and perfectly colourless, when cautiously 
evaporated, it deposits small, colourless, prismatic needles, together with a 
yellow amorphous substance. The products formed by the action of 
nitric acid on this compound appear to be the same as those which are 
obtained m a similar manner from the yellow salt prepared by the direct 
process. (Peyrone.)—4. The mother-liquid of one of the piecediug pre¬ 
parations yielded a substance much more soluble m the water than the 
last, but resembling it m all other respects. The four compounds just 
described all agree in composition with the yellow salt, a, as appears 
from the following analyses: 

Peyi one. 
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NH 3 ,PtCl 151 4 100 00 

(Peyrone, Ann. Pharm . 55, 20/ 

o 

o 

o 

o 


100 00 



y Green Modification — Magnus's Green Compound .—May likewise 
be regarded as 2NH 3 ,PtCl-|- PtCl, inasmuch as it is immediately formed 
on mixing the aqueous solution of 2NH 3 ,PtCl with PtCl (Peyrone)— 
[Chloroplatmate of Diplatosamme = PtCl : H,N 2 H 5 Pt]— 1 . The solution of the 
biown protoclilonde of platinum in hydrochloric acid, supeisaturated with 
ammonia, deposits the green compound after a while (Magnus, Pogg, 14, 
242 )—2 Sulphurous acid gas is passed through a gently-heated aqueous 
solution of bichloride of platinum, till the solution no longer gives a pre¬ 
cipitate with sal-ammoniac If the stream of gas bo too long continued, 
the liquid becomes decolorized, and is tlicn no longer adapted for the pre¬ 
paration of the green compound On heating the liquid after the pioper 
quantity of sulphurous acid has been passed through it, and then super¬ 
saturating with ammonia, it becomes turbid, and deposits green, needle- 
shaped crystals, which must bo washed with water (J. Gros, Ann Pharm. 
27, 241, also Ann Ghim. Plujs. 69, 204.)—3. The mother-liquid from 
which the gieater part of the colourless chlorine-compound, 2NH 3 ,PtCl 
(p. 300, preparation 2) has separated, is mixed with recently-prepared 
protoclilonde of platinum (obtained from the bichloride by the action of 
sulphurous acid), and the needles which immediately separate are v T ashed 
with water (Peyrone ) 

Green, crystalline (Magnus). Needles (Peyrone). 
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9*25 \ 
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j 
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This compound, when heated to redness, leaves a residue of platinum, 
part of which, however, is carried away with the sal-ammomac vapours, 
unless carbonate of soda be added to it. (Gros.) Does not evolve 
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ammonia when boiled with potash-ley, or give up ammonia to boiling 
Lydiochloric or sulphuric acid. (Gros )—Does not dissolve or decompose 
m water, hydrochloiic acid, or alcohol. (Magnus.)—Dissolves when 
boiled foi some time m aqueous ammonia, and the solution, as it cools, 
deposits needles of 2NH 3 5 PtCl. (Reiset ) 

IT Compounds obtained by the action of Sulphite of Ammonia on the 
Green Salt of Magnus and its Yelloiu Modification —The green salt of 
Magnus heated to the boiling point with an equal quantity of sulphite of 
ammonia, yields a white powdei, perfectly insoluble in alcohol and in cold 
water, and veiy sparingly soluble in boiling watei Its composition is 
PtN 2 Ii 7 0 2 ,2S0 2 -b 2(PtNH 3 0,S0 2 ) —When the sulphite of ammonia is in 
excess and the liquid is boiled for a long time, a solution is formed from 
which alcohol throws down oily drops, uniting together into a glutinous 
mass, of variable composition, which solidifies after being left for some 
time m contact with alcohol The alcohol used foi the precipitation 
deposits, if left to stand quietly, small white flakes of a body having the 
composition PtN 2 H 7 0 3 ,2S0 2 + NH 4 0,S0 2 —The modification of Magnus’s 
compound which crystallizes in orange-yellow octohcdrons (p. ) is 

more easily attacked by sulphite of ammonia than the green compound, 
and foims with it two white bodies, viz, a white pulverulent body, 
insoluble m water, and having the composition assigned to the first of the 
salts formed from Magnus’s green compound, and another compound 
soluble m water m all proportions, precipitated by alcohol in oily drops, 
and afteiwards solidifying, its composition is. PtN 2 H 7 0 2 , 2S0 2 -|- 
2(NH 4 0,S0 2 ).—The yellow modification obtained by the direct method 
requires 33 parts of boiling water to dissolve it. An excess of it boiled 
for a sufficient time with sulphite of ammonia, yields small white unctuous 
needles, whose composition is expressed by the foimula* PtN 2 H 7 0 2 ,2S0 2 
-p2(NH 4 0,S0 2 ) + PtNH 3 Cl-f-HO.—The yellow modification piepared by 
reduction requires 140 parts of boiling water to dissolve it; an excess of 
it boiled for a sufficient time with sulphite of ammonia, forms a body 
which crystallizes m thin transparent rhombic tables, and is composed of* 
PtN 2 H 7 0 3 ,2S0 3 -b PtNH 3 Cl-h 2HO With an excess of sulphite of am¬ 
monia, on the contrary, the product obtained is Bockmann’s salt: 
PtN 2 H 7 0 2 ,2S0 2 —The chlorine-compounds obtained by treating these 
lsomeiic bodies with ammonia, yield, under the influence of sulphite of 
ammonia, at ordinary temperatures, a substance crystallizing m pnsmatic 
foui-sided needles, transparent, scarcely soluble in cold water, but ( soluble 
m 190 times its weight of boiling water, at oidinary temperatures, it is 
composed according to the formula PtNH 3 0,S0 2 + PtN 2 H'0,S0 2 + 2H0. 
These same chloiine-compounds, when boiled, give off ammonia, and are 
converted into Beckmanns salt (Peyronc, Ann Fhaim 61, 178.) TT 

0. Ammonio-bichloride of Platinum — a . 2NPI 3 ,PtCl 2 —[Bi-liydio- 
chlorate of Diplatmamme, N 2 H 4 pl 2 ,2HCI (p. 31G) ] — a. Anhydious. —1 Foimed 
by heating the nitrate, 2NH 3 ,PtC10,N0 5 (p. 311), m the dry state with 
excess of strong hydrochloric acid, and evaporating to dryness, whereupon 
chlorine and hyponitric acid are evolved —2 By mixing the aqueous 
solution of the same nitrate with hydrochloric acid or the chloride of an 
alkali-metal, which immediately precipitates the compound in the form 
of a white, heavy, sandy powder —3 By passing chlorine into a 
boiling and somewhat concentrated solution of the compound 2NH 3 ,PtCl 
(Raewsky )—4 By boiling the compound NlI 3 ,PtCl 2 (C p 314) with 
ammonia, and expelling the excess of ammonia by evaporation, the salt 
VOL vi. x 
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is then deposited in the form of a powder consisting of octoliedral crystals. 
(Gerhardt)—5. By adding liydrocliloiic acid to a solution of tlio nitrate, 
2NH 3 ,Pt0,N0 5 . (Gerhardt.)—6. By addiug liydrocliloiic acid toRaewsky’s 
nitrate (p. 312). (Gerhardt.) H 
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33 48 3 4 00 



203 8 

97 92 

100 00 




Gives off ammonia when fused with hydrate of potash, and leaves 
platinum together with chloride of potassium. When heated with excess 
of nitric acid, it is leconverted, with evolution of chlorine and hyponitric 
acid, into the nitrate (2NH 3 ,PtC10,N0 5 ). Nitrate of silver added m 
excess to tlio aqueous solution, immediately throws down part of the 
clilonno m the form of chlonde of silver, but continued boiling is required 
to piecipitate the whole. (Gios ) 

IT IIyth cited —2NH 3 ,FtCl + HO—Formed by passing dry chlorine 
gas into a cold solution of the compound 2NH 3 ,PtCi—Yellowish salt, 
which, after diymg at 120°, gives off water when heated m a tube. 
(Raewsky ) 

Dried at 120°. Raewsky 


2 N . . 

23 0 

. 13 17 . 

. 14*07 

13 96 

7H 

7 0 

3 30 

3 50 

3 34 

Pt 

99 0 

4G 48 

46 39 

45 82 

2C1 

70-8 

. 33 28 

32*55 

33 00 

O 

8 0 

3*77 

3*49 

3*88 


212 8 

100 00 

100 00 

100 00 


b. NH 3 ,FtCl 3 = Bi-hydroehloiateof Platmamme, NHpt 2 ,2HCl (p 314) 
c Platinum sal-ammoniac digested with aqueous ammonia yields a 
pale gieemsh-yellow powder As a small quantity of mtiogen is evolved 
in this action, the compound is piobably mixed with a small quantity 
of ammomo-protochlonde of platinum (Magnus’s gicen compound) 
(Rexzelius, Lelub , comp Fischer’s experiments, pp. 3Q 7 , 308 ; also 
Laurent and Gerhardt’s ex]ienments, p 316 ) 


IT P Ammgnio-ciilorobromide of Platinum — 2NPP.PtClBr — 
When bromine is giadually added to a boiling and tolerably concentrated 
solution of the compound *2NH 3 ,PtCl (either Eeiset’s yellow, or Peyronc’s 
white modification), a crystalline precipitate is immediately fanned; and 
on subsequently adding bromine m excess, continuing the ebullition till 
the excess is driven off, and then leaving the solution at rest, crystals aic 
formed having the composition above given, they are separated fiom the 
liquid by decantation, and washed with cold water —Orange-yellow salt 
nearly insoluble in cold water, gives with silver-solution, a precipitate 
of chloride and bromide of silver. 


Raewsky. 



Crystallized 


a . 


b. 

2 N 

28 0 

11*35 

11*36 

11*36 

10 96 

10 80 

6 H 

6 0 

2 43 

. 2*40 

2 42 

2 40 

2*43 

Pt 

99 0 

40 11 

39 77 

40 00 

40 00 

40 28 

Cl 

35 4 

14 34 

14 00 

14 26 

14 28 

14 20 

Br 

78 4 

31 77 

32 47 

31 96 

32 36 

32 29 

2 NiI\PtClBr . 

. 246 8 . 

... 100*00 .. 

. 100 00 

..100 00 

.... 100 00 

. 100*00 
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Q. Chloroplatinite of Ammonium —Formed by mixing the 
puiplo-red solution of piotochlonde of platinum in concentrated hydro¬ 
chloric acid witkjsal-ammoniac, and evaporating to dryness —Puiple-rcd, 
four-sided prisms, which turn biown after a while (fiom the action of 
light *2) and become covered with a metallic film, they are easily soluble 
in water, and the solution is not precipitated by cold soda, but yields a 
black precipitate with hot soda, ammonia being at the same tunc evolved 
(Vauquelin )—Obtained in the same manner by Magnus, who used the 
hydrochloric acid solution of the brown protochloride of platinum 

h Aqueous bichlonde of platinum mixed with excess of sulphite of 
ammonia, gives at fiist the yellow precipitate of platinum sal-ammoniac, 
but on the application of heat, this jorecipitate dissolves, the liquid 
becomes decolonzed, and after sufficient evaporation, deposits white 
crystalline glams, sparingly soluble m cold water, more readily in hot 
water, they piobably consist of a compound of protochlonde of platinum 
with sal-ammoniac (Beithier, JV Ann Chim Phys 7, 82.) 

IT c When a solution of piotochlonde of platinum m hydrochloric 
acid is saturated with carbonate of ammonia, and the whole evaporated 
to dryness m the water-bath, a reddish residue is obtained, consisting of 
chloroplatinite of ammonium mixed with sal-ammoniac, which latter salt 
may be completely removed by repeated washing with alcohol. The 
washed residue must then be placed on fine filtering paper, and exposed 
to the air, till all tiaces of alcohol are removed, for the presence of alcohol 
produces some peculiar change m the compound, which interferes with its 
crystallization. It is then dissolved m boiling water, the solution filtered 
into a vessel previously heated, and then left to stand m a quiet place,— 
whereupon, if the cooling does not take place too quickly, very beautiful, 
four-sided prisms aie obtained, sometimes more than a decimetie m length, 
and either acuminated at the ends or obliquely tiuncatodj they are 
perfectly transparent, and of a fine garnet colour. 



Dned at 100 ° 

Peyrone. 

pfc . 

99 0 . 

. 52*6 

52 3 

4H 

4 0 , 

2 1 

2*2 

N 

14 0 

7*5 

8*1 

2 Cl . 

70 8 

37*8 

37 4 

NIl'Cl.PtCl 

187 8 

100*0 

100*0 


(Peyrone, Ann. Phcirm. 55, 205) % 

K. Ciiloropl vtinate of Ammonium— Platinum Sal-ammoniac — 
Precipitated m the foim of a lemon-yellow, crystalline powder, on adding 
an ammoniacal salt to an aqueous solution of bichloride of platinum. A 
reddish yellow tint indicates the presence of clilomidiate of ammonium. 
This impurity may be nearly but not quite removed by repeated boiling 
with nitric acid, if the liquid he poured off hot, the clilomidiate of 
ammonium separates out from it on cooling, and the lemammg liquid 
may be again boiled with the platinum residue (Berzelius.) 

Chloroplatmate of ammonium, when precipitated, forms a lemon- 
yellow, crystalline powder, -when crystallised from its aqueous solution, it 
forms regular oetohedrons of an orange-yellow colour. 


NH 3 

Ci ystallized 

Vauquelm. 

, . . 17 0 

7*61 


HC1 

36 4 

16 31 


Pt 

. 99 0 

44 36 

42*5 

2 Cl 

70 8 

31 72 



NH‘a,PtCl- . 223*2 100 00 

% 2 
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When heated to redness, it gives off, without fusion, nitrogen gas, 
hydrochloric acid, and sal ammoniac, and leaves spongy platinum. 

3 (NH 4 Cl,PtCl 2 ) = 3Pt + NH*Cl + SHC1+ 2N 
On carefully heating it, not quite to redness, there lemains a greyish 
green powdei, which is neither dissolved nor decomposed by water, 
caustic potash, or acids, and is probably a compound of protochloride of 
platinum wnth sal-ammoniac. (Berzelius ) Chlorine gas passed through 
water m which chloroplatmate of ammonium is diffused, decomposes it with 
evolution of nitrogen (and formation of chlondeof nitiogen), the products 
of the decomposition being an aqueous solution of bichloride of platinum 
and free hydrochloric acid. 

NH 4 Cl,PtCl 3 + 3C1 =PtCl 2 + 4HC1 + N. 

Chloioplathiate of ammonium is decomposed by heated oil of vitriol. 
It dissolves m a solution of protochlonde of tin m hydrochloric acid, 
impaitmg a dark biown colour to the liquid (Fischei ) It dissolves in 
150 paits of cold water and m 80 parts of boiling water; 1 part of it 
impaits a yellowish colour, even to 20,000 paits of water It is insoluble 
in cold hydiochlonc acid, and sepaiates out on cooling from its solution in 
hot hydiochloric, sulphunc, or nitric acid (Fischei, Kcistn.Arch 14, 156 ) 
A concentrated solution of sal-ammoniac piecipitates chloroplatmate of 
ammonium almost completely from its aqueous solution. (Bottgei ) 
Chloroplatmate of ammonium is insoluble in alcohol. 

Chloroplatmate of ammonium is very slightly soluble m cold aqueous 
ammonia, but dissolves very abundantly and completely m a boiling 
solution of ammonia—provided it does not contain any foreign metals— 
foimmg a colourless or pale yellow liquid, which may he pieservcd in 
close vessels without alteration. (The aqueous solution of chloroplatmate 
of ammonium is likewise gradually decolorized by ammonia in the cold.) 
The ammoniaeal solution, when exposed to the aii, quickly becomes 
turbid, from loss of ammonia, and yields a greyish white precipitate, 
together with a white saline film consisting of the salt a , to be considered 
further on. If the solution be evapoiated at a strong heat, it usually 
deposits chloroplatmate of ammonium, hut by evaporation to dryness at a 
more gentle heat, it becomes pale yellow and acid, and finally deposits the 
greyish white powder of (a). The same compound is piccipitated on 
gently adding ammonia to the liquid when it has become acid by gentle 
evaporation. It is also precipitated from the unevaporated solution, as a 
white gummy mass, by concentiated phosphoric, sulphuric, and mtnc acid, 
and after a while also by hydrochloric acid, moreovei, by alkaline car¬ 
bonates, phosphates, sulphates, and oxalates, by green vitnol, m which 
case, however, hydrated ferrous oxide falls down with it, and must be 
dissolved out by hydrochloric acid, not in excess, very abundantly by 
alcohol, but not by alkaline hydrochlorates, nitrates, or acetates An 
excess of most of these piecipitantsdoes no harm, inasmuch as they do not 
dissolve the compound («), only phosphoric acid and phosphate of soda, 
and in a lower degree also, the alkaline carbonates, ledissolve a small 
quantity of it The precipitate produced by alkaline phosphates is not 
gummy, but curdy If the ammoniaeal solution has lost its excess of 
ammonia by long exposme to the air—in which case a small quantity 
of (a) sepaiates out—the above-mentioned salts still thiow down from 
it the white precipitate (a), hut acids then separate the salt ( b ) in 
the foim of a yellow oi yellowish led, gummy precipitate This salt (5) 
is Lkewi^e precipitated m a few hours from the aqueous solution of 
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cliloroplatinate of ammonium on the addition of phosphate or sulphate of 
soda In all these precipitations, however, a laige quantity of platinum 
remains dissolved. 

Salt (a) is best piepared by precipitating the ammomacal solution 
with phosphate of soda. White, gummy or curdy, deposited in indistinct 
lamina), when the ammomacal solution of cliloroplatinate of ammonium is 
evaporated Scarcely soluble in water, even at a boiling heat, or in 
dilute sulphuric acid, or in ammonia, (lienee it does not exist ready 
formed m the ammomacal solution of platinum sal-ammoniac) Dissolves 
in hot nitric acid, and separates again unchanged as the liquid cools. 
Dissolves in hot hydrochloric acid, and the solution, on cooling, deposits 
the yellow salt ( b ), which, however, disappears again on the addition of 
moie water. Dissolves but sparingly m acid hydrochloiate of stannous 
oxide, imparting a pale yellow colour to the solution. 

Salt (b) Most conveniently obtained by precipitating the ammomacal 
solution of platinum sal-ammoniac with green vitriol, and ti eating the 
piecipitate with excess of liydiochloiic acid. Vanes in colour fiom 
lemon-yellow to orange yellow, according to the concentration of the liquid 
from which the precipitate has been obtained. Gummy or fibious, Fuses 
when heated, giving off sal-ammoniac without any free ammonia, and 
leaves platinum. Decomposed by hot oil of vitriol. In cold water it is 
less soluble than platinum sal-ammoniac, but in hot water it dissolves 
abundantly, forming a tuibid, pale yellow liquid, fiom which it sepaiates 
for the most part on cooling Dissolves much moie easily m acidulated 
wmtei In hot hydioclilouc acid it dissolves moie abundantly than (a), 
forming a yellowish solution, from which it sepaiates on cooling, but 
redissolves on the addition of water. Fiom its solution m hot dilute 
sulphuric acid, it likewise sepaiates, on cooling, m the ioim of a yellow 
powder; hut from solution m hot mtiic acid, it sepaiates m the form 
of (a). Acid hydrochloiate of stannous oxide dissolves it in small quan¬ 
tity, forming a deep yellow solution. (Fischer, Kctstn . Arch. 14, 150 ) 

IT S Raewshjs Carbonate —4NH 3 ,Pt 2 C10 5 ,2C0 2 —Formed by decom¬ 
posing the corresponding nitrate (p 312) with caibonate of ammonia. 
If concentrated solutions be used, a wdnte granular precipitate is obtained; 
from dilute solutions, it separates, after a while, m pearly scales, which, 
howe\ci, are converted by drying into a white gianular powder. (For 
the analysis and Gerliaidt’s formula, see page 31?.) IT 

T. Ammonio-pitospiiate of Oxychloride of Platinum —The 
nitrate (2NH 3 ,PtC10,N0 5 ), mixed with an aqueous alkaline phosphate, 
yields, after a while, small shining transpaient crystals, much less soluble 
than the nitrate (Gros ) 

IT IT. Raewshjs Phosphate —4NH 3 ,Pt 2 C10 5 ,P0 5 ,H0 —When a waim 
conccntiated solution of the nitiato (p 312) is mixed with terbasic phos¬ 
phate of soda, a crystalline piecipitate is immediately fozmed, fiom cold 
dilute solutions, the salt crystallizes, after a longer time, in small, white, 
strongly lustrous needles, arranged m radiated groups. It is nearly 
insoluble in cold water, and but slightly soluble in hot water. The 
basic water, amounting to 2 1 per cent., is given off at 150°. (For the 
analysis and Gerhardt’s formula, md p 31 8.) IT 

V. Ammonio-sulpiiate of Oxychloride of Platinum.— [Bidder- 
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hydio-sulphate of Diplatinamuie N 2 H**pt 2 ,SO*H 2 4 - N-H 4 pt 2 ,2ClH ]—I, The nitrate, 
2NH 3 ,PtG10,N0 5 , and likewise the chlorine-compound 2NH 3 ,PtCP, dis¬ 
solve in warm dilute sulphunc acid, with evolution of hydrochloric or 
nitric acid, and subsequently yield crystals of the sulphate on cooling — 
2. A warm concentrated aqueous mixture of one of these salts with sul¬ 
phate of soda, solidifies, on cooling, m a viscid mass made up of needles. 
—Delicate transparent needles, winch, when heated in contact with air, 
effloresce from loss of water.—Sparingly soluble m cold water, dissolves 
with tolerable facility in hot water, and separates from the solution 
unchanged The hot solution, mixed with excess of nitric or hydro¬ 
chloric acid, deposits the nitrate or chlorine-compound on cooling, the 
sulphuric acid remaining m the liquid. The aqueous solution gives no 
piecipitate with baryta-salts, till nitric or hydrochloric acid is added to it. 
(G-ios.) 



Deity dt ated , 

Gios. 

2N 

28 0 

12 94 

12 89 

6H 

6 0 

2 78 

2 84 

Pt 

99 0 

45 75 

45 06 

Cl 

35 4 

16 36 

16 40 

0 

8 0 

3 69 

4 05 

so 3 

40 0 

18 48 

18 76 

2NH 3 ,PtC10,S0 3 

216-4 

100 00 

100 00 


IT W Baewsly's Clilorine-comijound. —2NH 3 ,PtC10,Cn—Hydro¬ 
chloric acid added to a solution of the nitrate 4NH 3 ,Pt s C10 5 ,2N0 5 , pro¬ 
duces a white granular precipitate, soluble m water. 


J Dried at 120° Raewsky. Gerhardt. 


2N . 

. 28-0 

. 13 23 

13*40 

.. 13 50 



6H 

6 0 

2 83 

2*66 

2 70 

. 3 06 . 

3 18 

Pt 

99 0 

46 74 

47*30 

47 10 

. 48 50 .. 

. 48 43 

2 Cl 

, 70 8 

33*43 

31 30 

. 32 00 



0 

8 0 

3*78 

5*34 

4 70 




211 8 

100 00 

100 00 

100 00 




If the preceding formula be correct, the formation of the salt must be 
attended with evolution of oxygen and substitution of chlorine in its 
place —Gerhardt, however, whose analytical lesults differ greatly from 
those of Raewsky, regards the salt as identical with the ammonio-bichlo- 
ride of platinum for bichlorhydrate of diplatinamine) discovered by 
Gros (0, p 305). IT 

X. Fluoplatinate of Ammonium. —Dark brown, gummy, amor¬ 
phous.—When treated with water, it is resolved into a soluble acid 
salt and an insoluble basic salt. Insoluble in alcohol (Berzelius, 
Lehrbuch ,) 

Y. AMMONIO - NITRATE OF PLATINOUS OxiDE - a. With 2 At. 

Ammonia . — 2NH 3 , PtO, NO 5 . — [Nitrate of Diplatosamme N-H 5 Pt,NHOL]— 
a. Yellow —When a solution of the chlorme-compound (2NH 3 ,PtCl) 
prepared by (1), is precipitated by nitrate of silver and the filtrate 
evaporated, neutral crystals are obtained. (Reiset ) The salt may be 
directly obtained by treating Reisers chlorme-compound (2NH 3 ,PtCl) 
with nitric acid. In properties and composition, the crystals agree per¬ 
fectly with the following salt ft but they are yellow. (Peyrone.) 

ft Colourless. —Nitric acid added to the aqueous solution of the 
colourless chlorine-compound (2NH 3 ,PtCl) prepared by (2,) throws down 
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small needles; and when these are washed with alcohol, dissolved m boil¬ 
ing water, and the solution evaporated and cooled, the salt sepaiates out 
in small, transparent, and colourless needles, which are soft to the touch 
and flexible. When heated, they deflagrate like gunpowder Boiled 
with nitric acid and alcohol, they deposit a yellowish-white substance 
insoluble in watei (containing 46 5 p. c platinum and 2 9 hydrogen, and 
dissolving m nitric acid with foimation of peculiar crystals), aud give off 
a vapour which excites tears, acts stiongly on the olfactory oigan, and 
when condensed by cooling, forms with the solution of the tmdecomposcd 
salt m nitric acid, a beautiful blue substance. (Peyione ) 

Feyrone 



Dried at 100°. 

a 

P 

3N 

42 

, 21 54 

21 68 

6 IT 

6 . 

3 08 

3 20 

, 3 26 

Pt 

99 

50 77 

50 43 

50 33 

60 

48 

24 61 



2NIJ 3 ,Pt0,N05 

. 195 . 

100 00 




b With 1 At Ammonia —NH 3 ,PtO,N0 5 —[Nitrate of Platosamine 
NIPPtjNHCP ] — Formed by boiling the iodine-compound (NH 3 ,PtI) with 
aqueous silver-nitrate, and evaporating the filtrate; the boiling must be 
continued for some tune, inasmuch as the decomposition takes place but 
slowly. The salt crystallizes with difficulty, reddens litmus strongly, 
may be obtained m the anhydrous state, and is converted, by solution in 
ammonia, into the piecedmg salt a 9 a (Eeiset.) 

Z Ammonio-nitrate of Platimc Oxide? —Precipitated, accoidmg to 
Bergman, m the crystalline fonn, on mixing platimc nitrate with 
ammonia. 

a With 2 At Ammonia —The compounds (a) 2NH 3 ,PtO,NO r> + Aq = Mono¬ 
nitrate of Diplatmamme N-H 4 pt 2 , NHO*-f- Aq ,—and (/3 ) 2(2NIT* ) ,PtO ;j ), 3N0 5 + 
Aq. = Sesquimtrate of Diplatmamme * 2N 2 II 1 pt 3 J 3NIIQ 3 + Aq , have been obtained by 
Geihaidt (pp 316,317). 

h With! At Ammonia—{a ) NII‘ ^ ,PtO :5 ,NO r, + 3Aq = Mononitrate of PZatbia- 
mine = NIIpt^NHCM-b 2Aq ; and ((3 ) NH^PtO^NCP = ninth ate of Platmamme 
« NIi 2 pt 2 ,2NlI0 3 . (Gednudt, p 315) 

AA Ammonio-nitrate of Oxychloride of Platinum —Bichlorhydio- 
mtrate of Diplatmamme N*H l pt 3 ,NIIO { , C11I ]—The gi een compound of Magnus 
(NH 3 ,PtCl) heated with nitric acid, first turns biown, and is afterwards 
converted into a mixtuie of platinum and a white crystalline powder, 
which is dissolved out by boiling water, and crystallizes on cooling No 
other products are formed, only, after very long boiling, the nitric acid 
acquires a yellow colour, from the presence of platinum sal-ammoniac, 
which being much less soluble, may easily he separated from the white 
salt. (Gros.) The action probably takes place thus 

2(NH\PtCl) + HO + NO> = 2NH 3 ,PtC10,N0’-r Pt + HC1. 

Shining flattened prisms, colourless or pale yellow. The salt, when 
ignited with carbonate of soda, leaves a residue of platinum and chloride 
of sodium. With hydrate of lime, it gives off' a small quantity of 
ammonia, with cold potash-ley, a larger quantity, and with boiling potash- 
ley, a very large quantity, being itself dissolved at the same time. If the 
boiling be continued till the evolution of ammonia ceases, a white powder 
sepaiates, containing nitrogen, hydrogen, platinum, and oxygen, but no 
chloiine; this substance assumes a whitish-grey colour at 120°, detonates 
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at 250° witli abundant formation of gas, and is soluble insulphmic, nitric, 
and acetic acid, but not m water or ammonia. Alkaline carbonates form, 
with the aqueous solution of the nitrate, a white flocculcnt precipitate, 
which, after washing and drying, dissolves with effervescence m acids 
Sulphuretted hydrogen passed through the aqueous solution, throws down, 
after some time, a small quantity of sulphur, coloured brownish-yellow 
from admixture of platinum, but the quantity of platinum thus precipitated 
does not exceed per cent. With nitrate of silver, the solution likewise 
exhibits a whitish turbidity after a while, on the application of heat, the 
precipitate increases, but its aspect is different from that of chloride of 
silver. 


3N .... 

Dried. 

. 42 0 . 

18 23 

Gros 

6H . 

.. 6 0 

2*60 

2 77 

Pt . , 

99 0 

42 97 

42-35 

Cl 

35 4 

15 37 

15 49 

60 

48 0 

20*83 


2NH 4 ,PtCIO,NO 5 

230 4 

100 00 



IT According to Raewsky, the nitric acid salt W, discoveied by Gros, 
is obtained only when the quantity of mtiic acid used is 1 educed to the 
minimum, so that, m preparing this salt, it is best to add at fust a 
quantity of nitric acid less than that required to complete the reaction, and 
afterwards supply the deficiency by small successne additions When, 
on the contrary, the green salt of Magnus is tieated with an excess of 
strong nitric acid, red fumes aie evolved, and two nitrates are formed, 
containing respectively the bases 4NH 3 ,Pt 2 C10 5 and 2NH 3 , PtCIO 2 , their 
formation is expressed by the following equation: 

8(NH 3 ,PtCl) +24(N0 5 ,H0) = 4NH 3 ,Pt 2 C10b2N0 5 + 2(2NH 3 ,PtC10 2 ,N0' 5 ) 

+ 4(Pt0y2N0 5 ) + 19HO + 5HC1+ 12N0 4 . 

BB Binitrate •—4NH 3 , PtCIO 5 ,2N0 5 .—This compound, separates in 
the form of a white granular salt, which, aftei long boiling, and leaving 
the solution to cool a little, may be separated by decantation fiom the 
liquid, and then washed on a filter with a very small quantity of water It 
is then dissolved m water neaily boiling, and the solution evapoiated in 
vacuo oyer sulphunc acid. After four crystallizations, the salt is obtained 
in small, white, shining laminco, or scales After diying at 120°, it gives 
off water -when heated, exploding slightly, yielding a sublimate of sal- 
ammoniac, and leaving metallic platinum When boiled with potash, it 
turns yellow, and gives off ammonia. A small quantity of dilute sulphuric 
acid exerts no action upon it, but on the addition of copper turnings, red 
fumes are evolved. Nitrate of silver is not clouded by it. 



Dned at 120°. 


Raewsky 


6N . 

84 0 

18*69 

20 57 

20 44 

19 54 

19 00 

12H 

12 0 

2*67 

2 72 . 

. 2 76 

2 73 

2 73 

2Pt 

198 0 

44*07 

43 49 

43 82 

44 17 

44 10 

Cl 

35-4 

7*87 

7 65 

7 68 

8 00 

8 00 

150 

120 0 

26*70 

25 42 

25 50 

2o 46 

26 17 

4NH 3 ,Pt 2 C10 5 ,2N0 5 

. 449 4 

100-00 .. 

99 85 

100 20 

99 90 

100 00 


[According to Gerhardt, this salt is a Se&qmcftlmhych o-nitrate of Diplatmamine * 
N 2 H 4 pt 2 ,2NH0 3 + N 2 H 4 pt 2 C1H ] 


CC. Mononitrate —2NH 3 , PtCIO 2 , NO 5 .—The mother-liquid obtained 
in the preparation of the salt BB, contains a second platinum-salt, which 
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separates out when the liquid is decanted from the salt BB, and left to 
cool The acid liquid again decanted from the new deposit, leaves, on 
evapoiation and ignition, a very large quantity of platinum. Hence, to 
obtain the salt pure and crystallized, it is necessary to use a consideiable 
quantity of platinum. When pure, it is perfectly white, and crystallizes 
in very small, shining needles. When heated, it decrepitates, gives off 
sal-ammoniac and water, and leaves platinum. Solution of potash colours 
it yellow, and, on boiling, dissolves it with evolution of ammonia. 
With sulphuric acid and copper, and with mtiate of silver, it behaves 
like BB. 


3N . 

6H 

Pt 

Cl 

70 

2NIl3,PtC10 2 ,N0 5 


Cnjstalhzed 
42 0 .. 17-61 

6 0 2*52 

99*0 . 41 53 

35 4 14 85 

56 0 . 23-49 

238 4 100-00 . 


Kaewsky. 
17*90 . . 

2 43 . 2 50 

42 00 , 42 20 

14*58 . 14 60 

23 09 22 80 

100 00 


[Accoidmg to Geihaidt Bichlorhydro-nitrate of JDiplatmamme . N 3 H 4 pt?,NH0 3 ,ClH, 
identical with the salt AA, obtained by Gros.] 

Geriiardt’s Platinum-bases and General Theory of the Ammoniacal 
Compounds of Platinum. 

(Comptes rendus des travaucc en Chimie, 1850, 273 ) 

Tlie ammoniacal compounds of platinum aic regarded by Gerhaidt as 
containing certain bases or alkalis formed from ammonia by the substi¬ 
tution of one or two atoms of platinum for hydiogen, the platinum (like 
other metals, in the system of Lament and Gerhaidt) being moreovei sup¬ 
posed to enter into its several compounds with two different atomic 
weights, viz as Platmosum = Pt — 99, and a"s“ Plaimicimi — pt = 4,9 5; 
thus platinous oxide = PtO, platinic oxide —ptO 

According to this theory, Reiset's second base and its concsponding 
salts aio supposed to contain an alkali, called Platosaniine = NH 2 Pt, in 
which 1 At. hydrogen is replaced by 1 At platmosum; and Keitel's first 
base, with the conespondmg salts, is supposed to contain another alkali, 
called D iplatosamme = N 2 H 6 Pt, formed by the union of 2 atoms of 
ammonia into one, and the substitution therein of iPt foi 1H . thus. 

Hydiochloiate of Platosamme = NH^PtCl = NII 2 Pl 4- IIC1 
Iiydiochloiate of Diplatosamme === 2NII*,PtCl = N 2 H a Pt + HC1. 

Similarly, by tlie substitution of 2pt for 2H m NH 3 and N 2 Ii r ’, two 
other bases are formed, viz. PlaUnamine = NHpt 2 , and Diplatina - 
mme==N 2 H 4 pt 3 , thus: 

Hydrochloiate of Platmamme — NH^PtCI 2 = NHpt 2 4- 2HC] 

Hydrochloiate of Diplatmamme = 2NHbPtCl 2 = N 2 H 4 pt 2 + 2HCL 

Platinamine and several of its salts have been prepared and investigated 
by Gerhardt, and will be described immediately Bi-liydrochlorate of 
diplatinamine is the salt O, prepared by Gros (p 305). The other salts 
obtained by Gros (e g T, V, and AA, pp. 309, 311), and hitherto 
supposed to contain a chloriferous base, PtCIO, are regaided by Gerhardt 
as double salts containing hydrochloric acid together with another acid. 
Kaewsky’s salts (pp 309, 312) aie double salts of a similar character, hut 
having their acids m different proportions. 
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A. Platinamine. —NHpt 3 .—This compound is obtained in tlio form 
of sliming, hydrated crystals, on treating a boil mg solution of the nitrate 
with excess of ammonia The crystals, which adhere stiongly to the sides 
of the vessel, are separated fiom the liquid by decantation, and then boiled 
with water, which causes them to separate and collect at the bottom of 
the vessel in the form of a heavy ciystalline powdei, having a yellow 
colour and stiono lustre. The ammomacal mother-liquor yields a fiesli 
crop of crystals on evaporation. The crystals, when examined by the 
microscope, present the form of small, very short rhomboidal prisms, often 
having their edges and angles modified. They suffer no loss of weight 
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Geihaidt. 
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66 

00 

. 65-66 

5H 


5 

3 

33 

3 36 

N 


14 

9 

33 

9-70 

20 


32 

21 

•34 

21 28 

NHpt- 

+ 2Aq. 

150 . 

100 

00 

100 00 


The atomic weights used in the calculation of the preceding foimula, and also in 
those of the following compounds, aie 11 = 1, N=14, Cl = 35*5, Pt=99, 
pt=49 5, 0 = 16, & = 32 The same analysis calculated accoidmg to the atomic 
weights used in this woik, leads to the foimula NH*,PtO- + 2Aq 

Platinamine decrepitates when heated in a closed tube, giving off water 
and ammonia, and leaving a residue of platinum It dissolves readily in 
hot dilute acids, even m acetic acid Boiling potash neither dissolves it 
nor sepaiates ammonia from it. Platmamme combines with a great 
number of acids, forming crystallizablo salts, some of which are neutral 
and others acid. 

B. Sulphate of Platinamine —NHpt 2 , S0 4 H 3 —Platmamme dis¬ 
solves readily m dilute sulphuric acid, and when the solution is concen¬ 
trated, crystalline pellicles of the sulphate separate on the surface. On 
evapoiating to dryness, washing the lesidue with alcohol, and then drying 
it, the salt is obtained in the form of a yellow powdei, having an acid 
taste, and dissolving with tolerable facility m warm water The analyses 
of this salt dned at 120°, give 46 00 per cent, of platinum, the above 
formula requires 46 69. According to the atomic weights usually adopted, 
the formula of the salt is NH^PtO^SOh 

C. Bi-nYDROcnLORATE of FlxVhnamine.— NHpt 3 ,2HCL — Obta.mcd 
by the action of chlorine on hydiochlorate of platosammo, NH 2 Pt, HOI 
(the chloime-coinpound of Reiset’s second senes, N, 5, a } pnge 302) 
When this latter salt is suspended in water through which cliloiine gas is 
passed, it is converted into a heavy, lemon-yellow powder, consisting of 
octohcdral crystals, apparently with squaie or rectangular bases, they 
are insoluble m cold water, and very slightly soluble in boiling water 
or m water acidulated with hydiochloric acid. 

C) ystalhzed Gerhai dt 

Pt . 99 52 94 52 67 52 88 

3H 3 1 60 1 77 

2Cl , 71 37 97 . 3s 09 

N _ 14 _7_49_ 7 43 

NHpt 2 ,2HCl 187 100-00 99 96 ~ 

[This compound may also be legarded as an ammonia-bichloi ule of platinum, 
Nli } ,PtCl 2 , m fact, it beats the same relation to the compound O, p. 305, as N, b 
beais to N, «.] 
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Bi-hydiochlorate of platinamine is converted, by boiling with ammonia 
and subsequent evaporation, into bi-hydro chlorate of diplatmamiiie (the 
chlorine compound of Gros’ series, 0, p 305)* 

NHpt?,2Ha + NH’= N-II*pt 3 ,2HCl. 

It is not affected by stiong sulphuric or nitric acid, even at a boiling 
heat; neither does a solution of bichloride of platinum exert any action 
upon it When boiled with caustic potash, it does not give off ammonia, 
but dissolves, and forms a golden-yellow liquid, from which acids tlnow 
down a yellowish piecipitate insoluble m acetic acid, and possessing 
propeities different from those of platmamme 

D Nitrate of Platinamine —a Neutral —NHpt 2 , NHO 3 -f 2Aq — 
Obtained by boiling the bi-liydroclilorate diffused through a large quantity 
of water with mtiato of silver, as long as chloride of silver continues to 
form If the liquid be then filteied boiling hot, the nitrate separates on 
cooling in the form of a yellowish crystallo-granular powder, which, when 
examined by the microscope, appears to consist of rhombic or hexagonal 
tables. The yellowish solution leddcns litmus, gives with potash or 
ammonia a precipitate of platinamine, with carbonate of soda, a yellowish 
white crystalline precipitate, and with phosphate of soda, a white flocculent 
precipitate, soluble in excess of the piecipitant. Hydrochloric acid added 
to the solution of this salt, forms no piecipitate in the cold, but, on the 
application of a gentle heat, throws down a precipitate of bi-hydrochloiate 


ol platinamine. 

Dried at 120°. 


Geiliaidt. 

Pt 

99 

46 47 

46 33 46 27 

IP’ 

6 . 

2 81 

2 84 .. 3 03 

N 2 . ..... . 

28 . 

... 13 14 

13*00 

O 5 

80 . 

. 37 58 

37 83 

NHpt 2 ,NHO 3 + 2Aq 

. 213 

. 100 00 

99 84 


[This salt may also be legarded as an ammonio-mtiate of pktinic o\ide, 
NH 3 ,Pt0 2 ,N0 5 + 3Aq , vid . p. 311 ] 

h. Bmitrate .—NHpt 2 ,2NPI0 3 .—Obtained by mixing the solution of 
the preceding salt with excess of nitric acid, and evaporating. It foims 
a ciystallme mass, winch, after drying, presents the appearance of a 
yellowish powder. 

Gerhardt. 


Pt .. 

99 

41 25 

41 17 . 

41 25 

tr 

3 

1 25 

1 10 


N 3 

. . 42 

. 17 50 

17 42 


Q R 

96 . 

40 00 

30 85 



NHpt 3 ,2NHO 3 210 100 00 . 99 84 

[May also be regarded as NH 3 ,Pt0 2 ,2N0 5 ] 

E Diplatinamine —N 3 H 4 pt 2 .—Not yet obtained in the separate 
state It contains the elements of platmamme and ammonia, so that its 
salts might be regarded as double salts of those two bases This mode of 
viewing them is supported by the circumstance that a great number of 
these salts are acid salts and contain two acids, so that if we suppose them 
also to contain two bases, their constitution will be that of neutral salts. 
Such a theory, however, would destroy all analogy between the ammoniacal 
compounds of the protochloride and bichloride of platinum, inasmuch as 
there would then be only one base corresponding to the bichloride. 
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Diplatinamme forms three kinds of salts, viz. mono-acid, sesqui-acid, 
and bi-acid salts, and exhibits a peculiar tendency tofoim double salts con- 
taming 1 two acids. To the latter class, belong the salts discovered by Gros, 
and also those more lccently discovcied by Raewsky, The geneial 
formula of Gios’ salts is that of bi-hydrochlorate of diplatinamme, in 
which half the kydrockloiic acid is replaced by another acid, AcH, con¬ 
taining the same quantity of basic hydrogen: 

cm } N:H 4 i )t2 

This formula may also be doubled and thus written: 

2AcH, N 2 H 4 pt 2 ) 

2CIH, N-IPpt 2 J 

In Raewsky’s salts, Gerhardt finds, from his own analyses, the same 
elements, minus 1 eq. ol hydrochloric acid, so that then general 
formula is 

2AcH, N 2 H *pt 2 ) 

CHI, ISPTPpt- J 

Which may also be written. 

fern } N : n j pt- 

Accouling to this view, m short, the salts discovered by Racwsly are 
sesqui-acid salts of diplatinamme , and those discovered by Gros cue bi-acid 
salts of the same base 

F. Hydrochlobate of Diplatinamine — a. Mono-acid —N 2 H 4 pt 2 , 
HC11—Chlcroplatmate of ammonium digested m stiong caustic ammonia 
dissolves, and forms a nearly coloutless solution, from which alcohol 
throws down white flakes, which dry up to a pale yellow, resinous mass 
easily soluble in water. Its analysis leads to the formula PtClN 2 H 5 
(Lauient and Gerhardt, Compt. 'lend trav Chzm 1849, 113), which agrees 
numencally with that of a mono-hydroohlorate of diplatinamme The 
addition of hydrochloric acid, however, does not convert it into the 
bi-hydrochlorate of that base, and altogether its reactions are such as to 
leave its rational constitution a matter of unecitamty. 

b. Bl-acid —N 2 H 4 pt 2 ,2HCl —This salt is identical with the ammonio- 
bichlonde of platinum 2NH 3 ,PtCP, obtained by Gios (0, p 305), also 
with the salt to which Raewsky assigns the formula, Pt 2 N 4 H 12 Cl 2 0 2 ,CP 
(p 310); according to Gerhaxdt, this latter foiinula is based upon an 
incorrect analysis 

G. Nitrate of Diplatinamine. — a Mononitrate. — NWpt 3 , 
NH0 3 + Aq —Formed by boiling the solid sesqumitrate ( b ) with ammonia, 
which dissolves it, and, on cooling, deposits the mononitiate m the form 
of a white amorphous powder, insoluble in cold water, but dissolving with 
tolerable facility in hot water. 



Dried at 130° 

Gerhardt. 

Pt 

99 

46 69 

46 63 

7H 

7 

3 30 

3 32 

3N 

42 

19 81 

20 24 

40 

64 

30 20 

30*11 

N 2 H 4 pt 2 *NHO a + Aq 

212 

100 00 

100*00 


[May also be regarded as an ammomo-mtrate of platinic oxide =2NH 3 ,Pt0 2 ,N0 5 + Aq ] 

This salt explodes violently and with ignition when heated in a tube. 
When moistened in the dry state with sulphuric acid, it assumes a blue 
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colour ; and emits red vapours. A tolerably concentrated solution forms, 
with oxalate of ammonia, a lieavy, white, crystalline piecipitate, composed 
of small prisms, with phosphate of soda, a white flocculont piecipitate, 
soluble m excess of the phosphate, with sulphate of soda, no precipitate, 
with caibonate of soda, a white crystalline piecipitate, having but little 
density, with sal-ammoniac, no precipitate, with hydroclilonc acid, 
nothing at oidmary temperatures, but if the liquid he boiled and left to 
cool, a light crystalline white piecipitate is fanned, consisting of octo- 
hedrons of the bi-hydiocliloiatc 

b Sesqumitrate. —*2N 3 H 4 pt 2 ,3NH0 3 +Aq —Obtained by the action of 
hot concentrated nitric acid on nitiate of diplatosamme (Y, p 310). The 
crystals of the latter salt, when thus tieated, are converted into a blue 
powder, which howevei loses its colour after continued boiling. On 
decanting the nitnc acid, dissolving the powder m boiling water, and 
leaving the liquid to cool, the sesqumitrate sepaiates m the form of a 
white crystalline powder, which, when examined by the microscope, 
appears to he composed of hexagonal tables and very oblique prisms with 
hexagonal bases. 


2Pt. 

198 , 

. 42 21 

Geiliaidt 
42 00 

13H. 

13 

2 77 

2 88 

7N 

98 

. 20 90 

21 18 

10 O 

160 

34 12 

33 94 

2N*H 4 pfc 2 }3NI10 3 + Aq. 

469 

100 00 

100 00 


[May also be legauled as ammonio-sesqumitrate of plat into oxide = ^NH 3 3 2Pt0 2 , 
3N0 5 + Aq. 

Sesqumitrate of diplatmamme is slightly soluble in cold water, boiling 
“water dissolves it more fieely, but the gieater part sepaiates again m the 
crystalline state on cooling. It is less soluble m nitric acid than m water. 
When heated in a closed tube, it explodes suddenly like an azotized 
organic body. 

A saturated aqueous solution of this salt gives no precipitate with 
potash or ammonia, either in the cold or when heated, w r ith carbonate of 
soda, a white crystalline precipitate, with carbonate of ammonia, after a 
few seconds, flakes and ciystalline pellicles form on the surface of the 
liquid, piesenting under the microscope the appearance of interlacing 
needles, with oxalate of ammonia, an abundant white, flocculent pie¬ 
cipitate, with sulphate or phosphate of soda, no piecipitate; with hydro¬ 
chloric acid, aftei a fow moments, a heavy, white, ciystalline precipitate, 
which becomes more abundant on boiling, and when examined by the 
microscope, presents the appearance of small prisms, no piecipitate with 
sal-ammoniac or sulphunc acid, with nitric acid, aftei a few seconds, a 
white crystalline precipitate. 


H Sesquichlorhydro-carbonate oe Diplatinamixe — liaewshjs 
Carbonate (p 309) —Geihardt assigns to this salt, the formula. 
l\ T2 H 4 pt 2 , C0 3 H 2 + N 3 H 4 pt 2 , C1H + Aq. 

Raewshy. 


2Ft 

198 0 

53 3 

49 00 

49 70 . 

. 49 75 

13H 

13 0 

3*4 

2 97 

3 00 

3 00 

Cl 

35*3 

. 9 3 

9 00 

9*00 


4N 

56 0 

14 7 

14 70 



C 

12 0 

3 1 

2*98 

3 00 . 

. 3 00 

40 

64 0 

10 2 

21*35 




378 5 . 100 0 


100*00 



318 


PLATINUM. 


The quantities of platinum deteimined by Raewsky’s analyses are too low for the 
above foi mula, but Geihaidt is of opinion that the platinum-dcteimmations made by 
Baewsky* not only m this but m all the othei salts which he analyzed, aie too low, the 
enor arising fiom the mode of analysis employed, which was to calcine the salt with 
carbonate of soda and then sepaiate the platinum by filtration This method, accoid- 
mg to Gerliaidt, always involves a loss of platinum, wheieas if the salt be calcined 
with meiely the addition of a few drops of stiong sulphunc acid, the calcination may 
be effected without the slightest pi ejection, and a "very exact lesult obtained — 
Baewshy’s platmum-deteiruinations aie too small even foi bis own fox mula— 
4NH^Pt2C10 5 ,2C0 3 —"which lequnes 512 per cent, of platinum 

I. SEsauicnLORiiYD^o-PiiosPiiATE of Diplatinamine —R new sly's 
Phosphate (p 309).—Gerhardt’s foi mula for this salt is N 2 PI 4 pt 3 ,P0 4 H 3 
+ N 2 H 4 pt 3 ,ClH. 

Baewsky 


2Pt . 

198 0 

. 49 9 

47 20 . 

.. 47 10 

. 46 9 

12H 

12 0 

. 3 0 

2 70 

2 78 

2 8 

Cl 

35 5 

8 9 

7 84 

7 96 . 

. 8*0 

4N 

56 0 

14 1 

13 40 

13 43 


P 

, 32 0 

S 0 

7 38 

7 46 


40 

64 0 

16 1 

21 48 . 

20 27 



397 5 

100 0 

» 100 00 

100 00 



Baewsky’s formula, 4NH' 3 ,Pt :: C10 5 ,P0 5 ,HO, lequires 46 80 p c platinum, 3 hydiogen, 
8*4 chloune, 13*28 mtiogen, and 7 5S phosphoius. 

K. BicnLORnYDRO-siJLPiiATE of Diplatinamine — Gras' Sulphate 
(V, pp 309, 310) —To tins salt Gerlrardt assigns the formula. N 3 H 4 pt 3 , 
S0 4 H 2 4- N 2 H 4 pt 2 ,2C1H. # 

Gerhardt has likewise obtained this compound by dissolving the 
bi-bydrochlorate of diplatinamine m stiong sulphuiic acid, and heating to 
volatilize part of the acid A large quantity of hydrochlonc acid was dis¬ 
engaged,, and, on cooling, a crystalline mass was obtained, which, by 
solution in boiling water and cooling, was converted into a crystalline 
powder composed of very shoit prisms. This salt yielded 45 21 per cent, 
of platinum, wdiich agrees very neaily with that m the salt prepared by 
Gros 0 309). 

L. CnLORii ydro-nttrate of Diplatinamine. — a . Sesqm-acid .— 
When Tbi-hydrochloiate of diplatinamine is boiled for a few minutes with 
solution of intimate of silver, and the liquid filtered at a boiling heat, the 
filtrate, on cooling, deposits a yellowish crystalline mass, which may be 
purified by recrystallization from hot water; it then forms small, bard, 
shining, lhombic tables. If too small a quantity of nitrate of silver bo 
used m the preparation, the product consists wholly of the bi-acid 
salt b 


Pined at 120°. Geihaidt 


2Pt .„ 

... * j. . w 

x Ktt 

.> "X*X \J § 

13H 

13 0 

2 93 

2 94 


Cl 

. . 35*5 

8 02 

8 24 

. 8 00 

6N 

84 0 

18*98 
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70 

112*0 

25 32 

25 23 


2NH 0 3 ,N-H 4 pt 2 ) , . _ 

C1H,N-H 4 pt 2 ; + A( i- 442 0 

100 00 

100 00 



This salt is identical with one of the nitrates obtained by Baewsky 
(BB,p 312), to which that chemist assigns the formula 4NH 3 ,Pt 2 C10 5 ,2N0 5 . 
By reference to the analyses given on page 312, it will be seen that 
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Raewsky’s numbers approacli very neaily to those of Gerhardt, excepting 
in the platinum, in which, for the leason already stated (p 318), 
Raewsky’s determinations aie too low Moreover, Gerhardt analyzed a 
specimen of the salt prepared by Raewsky himself, and found it to contain 
44 67 per cent of platinum and 2 96 of hydrogen, the same as m the 
analysis above given 

A solution of sesquichlorhydio-nitrate of diplatmamine yields, with 
oxalate of ammonia, a white crystalline precipitate of the bicklorhydrate, 
which assumes a very light yellow colour when dry, with carbonate of 
soda it forms a white curdy precipitate. "With phosphate of soda, no 
immediate piecipitate is formed, but on agitation with a glass icd, white 
ciystallme flakes are produced, and on nibbing the sides of the tube 
with the rod, striae appear, as with the ammomo-magnesian phosphate 
A solution of the salt gives no precipitate with sulphate of soda, but if 
the mixtuie be left to stand for 24 hours, a few crystalline flakes appear. 

b Bi-acid —N 2 H 4 pt 2 ,NH0 3 ,ClIT.—Tins salt is identical with the 
nitiate, NH 3 ,PtC10,N0 5 , obtained by Gros (AA, p 311) Raewsky’s 
nitrate of the mother-liquid (CC, p 312), to which he assigns the formula 
2NH 3 , PtCIO 3 , NO 5 , is likewise the same salt, as may be seen by comparing 
the analysis given on page 313 with that of Gios’ salt AA. 

M. Bichloriiydro-ciilohoplatinate of Diplatinamine. — The 
green salt of Magnus is regarded by Gerhardt as eliloroplatinate* of 
diplatosamine, N 2 H 5 Pt,PtHCP, and the yellow compound isomeric with 
it (the chlorine-compound of Reiset’s second senes), as hydrochlorate of 
platosaimne, NH 2 Pt,HCl As the latter, undei the influence of chlorine, 
forms a salt of platmamme, so likewise the foimer, whcnsiimlaily treated, 
yields a salt of diplatinamine, the chloroplatmous acid being at the same 
tune conveited into chloroplatinic acid By passing chlorine gas thiough 
water m which the green compound is suspended, the latter is conveited 
into a red, shining, ciystallme powder, which is the chloroplatmate of 
diplatosamine, N 2 II 5 Pt, PtHCl 3 , previously obtained by Reiset The 
liquid acquires a red colour, and, if the stream of chlorine be continued, 
the red compound first produced is partly dissolved, and partly converted 
into a yellowish white crystalline precipitate. If the action of the 
chlorine be discontinued as soon as the red body has entirely disappeared, 
the liquid then evaporated, and alcohol added, the bichloihydro-chloro- 
platmate ot diplatinamine separates out in the form of shining yellow 
needles or prisms. It dissolves leadily in hot 'water. 



Si icd at 120° 

Geihaidt. 

2Pt 
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7H 
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4C1 
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28 
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lO . . 

8 
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Pt “ 3 “}wffpt 2 + i A q- 

383 
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If the action of the chlorine be too long continued, the salt just 
described is attacked in its turn, and hydrochloric acid is produced, which 
then gives rise to the formation of a certain quantity of bi-hydrochlorate 
of diplatmamine and bichloride of platinum. IT 

* In Gerhardt’s nomenclature, chloroplatmous acid is the compound of platinoug 
clilonde with hydiocblonc acid, chloroplatinic acid , the compound of platinic chloride 
with hydrochlonc acid. 
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Platinum and Potassium. 

A. Alloy of Platinum and Potassium —The two metals unite very 
readily, exhibiting incandescence, and forming a shilling buttle mass. 
This substance, when heated in the air, burns, and leaves a yellow powdei, 
which gives off oxygen when heated. The yellow substance is likewise 
decomposed by water. 

B Platinite of Potasii — 1 . Hydiate of potash fused with platinum 
in a close vessel yields platmite of potash, which forms a blackish green 
solution in watei (Berzelius )—2 When protochloride of platinum is 
decomposed by aqueous potash, pait of the resulting protoxide dissolves in 
the potash, forming a black solution, which appears dark gieen when 
diluted. (Berzelius.) 

C Platin ^.te of Potash — 1 The yellow powder formed by the 
combustion of the alloy of platinum and potassium, reddens tm meric 
paper, even after washing for any length of time, it appeals, indeed, to be 
a compound of platmic oxide with potash (Id Davy ) 

2 When platinum is heated with nitre, theieaie formed (a), a biown 
compound of platmic oxide with a small quantity of potash, insoluble in 
water, ( b) } a compound which dissolves in water and foims a yellowish 
brown solution, acids added to this solution piecipitate the platmic oxide 
m combination with small quantities of potash and acid. (Tennant, 
Seller J 1, 308 ) 

When platinum is fused with hydiate of potash and nitre, and the 
product washed with water, there remains a partly purple, partly yellowish 
oxide, which dissolves with difficulty in hydrochloric acid, leaving a 
residue of platinum. Chloroplatmate of potassium boiled clown with a 
large quantity of strong potash, forms a yellow liquid, which dries up to 
a scarlet-coloured mass When this mass is heated not quite to ledness, 
and the chloride of potassium and excess of potash dissolved out, there 
remains a rusty-colouied compound of platmic oxide and potash, which 
runs through the filter like a yellow milk, unless some salt be added to 
the wash-water It contains 7 pei cent of potash It does not dissolve 
m hot oil of vitnol or nitiic acid, even after seveial houis digestion; the 
acids, however, dissolve out the potash It likewise gives up its potash 
to cold hydrochloric acid. In tolerably strong hydrochloric acid it dis¬ 
solves gradually, forming a solution of chloroplatmate of potassium and 
free bichloride of platinum At an incipient red heat, the platmic oxide 
gives up half its oxygen, so that a dark-coloured platmite of potash is left 
behind. Platin ate of potash detonates violently with combustible matters. 
When the above-mentioned scarlet mass is heated till it is brought into a 
state of red-hot fusion, it no longer appears red on cooling, but of a dmgy 
yellow colour, inclining to greenish-brown, and after washing with water 
leaves a darker greenish-yellow compound of I At. potash with 5 At. 
platinum, and such a quantity of oxygen, that 1 At platinum is combined 
with more than I b At, but not quite 2 At. oxygen, at a red heat, it gives 
off water and oxygen, and leaves platmite of potash The l oddish yellow 
solution of the unignited compound in warm hydrochloric acid, when 
mixed with a larger quantity of chloride of potassium, yields, not only 
chloroplatmate of potassium, but ultimately also, crystals of chloroplatimte 
of potassium (Berzelius, Jahesber , 9, 110.) 
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D. Sulphide op Platinum and Potassium. —When bisulphide of 
potassium is fused in a platinum crucible, a compound of piotosulphide of 
potassium with sulphide of platinum is formed. This compound is green, 
and when dissolved m water, leaves a red-brown lesidue of sulphide of 
platinum (Berzelius, Schw 34, 22.) 

Aqueous .—Sulphide of platinum precipitated by sulphuretted hydrogen, 
dissolves easily in hydrosulphate of potash (Berzelius.) 


IT E Sulphite op Platinous Oxide and Potash —3(K0, SO 2 ) 
+ Pt0,2S0 2 -f 2-J-HO. — Chloroplatmate of potassium heated with a 
solution of sulphite of potash, forms a solution which becomes colourless 
after a while, and, on evaporation, deposits the double salt in the form of 
a white precipitate Hydiochlone acid reconverts it into chloroplatmate 
of potassium, with evolution of sulphurous acid. 

Claus 


3KO 

5SO : 

Pt 

O 


141 6 . 

34 66 

34*50 

160 0 

39 16 

39 77 

99 0 

24 22 

24 25 

8 0 . 

1 9b 

1*48 


3(KO,£0 2 ) + PtO,2SO- 408 6 .100*00 100*00 


(Claus, Ann. Pharm. 63, 359.) IT 


F. Sulphate of Platinous Oxide and Potash ? —When a mixture 
of sulphate of potash and platinous sulphate prepared by method (2) 
(p 289) is evaporated, the liquid becomes decolorized, and a dark bottle- 
green precipitate is produced, which appears black and sinning when 
washed and dried, and at a red heat, gives off sulphurous and sulphuric 
acid, leaving a lesidue of platinum mixed with sulphate of potash 
(Vauquelin ) 

G-. Sulphate op Platinic Oxide and Potash. — Basic .— When 
platinic sulphate is mixed with potash till the acid reaction is destroyed, 
and the liquid boiled for a few minutes, it becomes colourless, and deposits 
this double salt, which is black-brown, strongly lustrous, tasteless, and 
permanent in the air It contains 78 32 platinic oxide, 10 84 sulphate of 
potash, and 10 84 water. At a red heat, it gives off oxygen gas, and is 
reduced to a mixture of platinum and sulphate of potash Dissolves 
readily m boiling hydrochloric acid, is slightly decomposed by aqua-regia; 
not attacked by boiling nitric, sulphuric, phosphoiic, or acetic acid, or by 
ammonia. (E Davy) 

H. Iodoplatinate of Potassium. —A solution of bmiodide of platinum 
in aqueous iodide of potassium is left to crystallize, and the crystals freed 
from adhering iodide of potassium by digestion m alcohol of 36°. 
(Lassaigne, JChun. med. 8, 715.)—2. Aqueous bichloride of platinum is 
evaporated nearly to dryness with a slight excess of iodide of potassium, 
and the residue washed with alcohol as long as it colours the liquid. 
(Mather, Sill. Am. J. 27, 257.) 

Black, rectangular tables, with four-sided pyramids attached; per¬ 
manent in the air. (Lassaigne ) Black grains. (Mather.) Gives off part 
of its iodme when heated above 100 J . (Lassaigne) At a red heat, it 
leaves 50 89 per cent, of platinum and iodide of potassium. (Mather.) 
Not decomposed by oil of vitriol. (Lassaigne.) Dissolves very easily m 
water, forming a solution of a fine wine-red colour. A very dilute 
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solution soon turns brown, especially when exposed to light, and deposits 
steel-grey biniodide of platinum on the sides of the vessels (Lassaigne ) 
This compound is precipitated after a few minutes in the form of a black 
powder, while the liquid becomes decolorized, (Mather) Insoluble, or 
but very slightly soluble, in absolute alcohol. (Lassaigne ) 


KI 

Pt 

21 


165 2 
99 0 
252 0 


32*00 
19 18 \ 
48 82 f 


Lassaigne 
31 99 1 

68 01 J 


Mathei 
50 89 


Kane * 
38 75 
23 75 
37 50 


KT,PtP 516 2 100 00 100 00 100 00 100 00 


* The salt examined by Kane (FJul Maq J 2, 198) was obtained m the foim of 
a black powder by agitating an excess of pulvcnzed iodide of potassium with a concen- 
tiated solution of bichloride of platinum and a small quantily of ethei, and collecting 
the precipitate on a filter. It dissolved easily m watei, forming a wme-ied liquid which 
was not decomposed by evapoi ation , it was also soluble m potasli-ley and m alcohol, 
but not m ether Kane supposes that it contains a sesqui-iodido of platinum 


I. Brqmoplatinate of Potassium —'Formed by adding aqueous 
bromide of potassium to aqueous bi-bromide of platinum If the solutions 
are somewhat concentrated, the compound is precipitated in the form of a 
granular cochineal-colourcd powder, but fiom a moio dilute solution, it 
separates, on evaporation by heat, m very beautiful red crystals, and on 
spontaneous evaporation, m regular octohedions and cubo-oetohedrons. 
The salt decrepitates when heated, acquiring at the same time a darker 
colour, and is decomposed, with evolution of bromine vapour It is 
sparingly soluble in water, insoluble m alcohol. (Bonsdorff, Pogg . 19, 
344; 33, 61.) 

Crystallized. Bonsdorff. 

KBr . 117 6 31 50 31 03 

Pt 99 0 ... 26*51 26 06 

2Bi 156 8 41*99 

KBrPtBi 2 373*4 100 00 


Iv. Chloroplatinite of Potassium. —A solution of the brown proto- 
chloride of platinum in hydrochlonc acid, mixed with chloride of potassium, 
yields red, anhydious pi isms, which dissolve easily m water, foimmg a 
reddish yellow solution, but are insoluble m alcohol, and are therefore 
precipitated by alcohol from the aqueous solution, in soft, rose-coloured 
crystalline fibres. (Magnus, Fogg. 14, 241.) 


KCl 

Crystallized. 

74 6 

35 69 

Magnus. 
35 79 

Pt 

99 0 

47*37 

46 n 

Cl . . . 

35 4 

16 94 

17 47 

KCl,PtCl 

209*0 

100 00 

100*00 


Sulphite of potash added to a cold aqueous solution of bichloride of 
platinum forms a yellow precipitate of chloroplatinate of potassium, but 
on the application of heat, the precipitate dissolves, and the decolorized 
liquid, when evaporated and cooled, deposits white crystalline grains, 
sparingly soluble in cold water, more readily in hot water (Berthier, 
iV. Ann. Qhini. Pliys. 7, 82 ) 

L, Chloroplatinate of Potassium. —Precipitated in the form of a 
lemon-yellow, crystalline powder, on mixing an aqueous solution of 
bichloride of platinum with potash or a potash-salt, crystallizes from its 
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aqueous solution in orange-coloured octoliedrons. When very strongly 
heated ; it is reduced to a mixture of platinum and chloride of potassium, 
giving off nothing but a little deerepitation-watei, and the chlonne which 
was combined with the platinum (Beizelms ) When the salt is heated 
to a temperatuio somewhat below its melting point, it is but partially 
decomposed, and the separated platinum remains, after washing with 
water, m the form of a black powder. If, on the contrary, it be 
fused for an hour, the whole of the platinum, probably from welding 
together of the powder, is converted into shining laminae, which, as the 
chloride of potassium volatilizes, unite into a network; but even after 
long fusion, part of the chloroplatmate of potassium remains undocom- 
posed, and dissolves m hot water together with the chloride of potassium. 
(Jacquelain, Ann Chim Phys 74,213, also J. pr Chem . 22, 22 ) When 
the salt is heated m a current of hydiogen gas, complete decomposition 
ensues (Berzelius ) On heating this salt with hydrate of potash and a 
small quantity of water, a clear liquid is formed, which at an incipient red 
heat is decomposed, with separation of platinic oxide The salt dissolves 
sparingly, and with a pale yellow colour, in water and m aqueous acids, 
somewhat more freely when heated, and still more abundantly in aqueous 
potash From a hot saturated solution m caustic potash, it does not 
separate on cooling, except on the addition of hydrochloric acid. (H Rose ) 
It dissolves very easily in a moderately warm solution of aqueous hypo¬ 
sulphite of soda mixed with a little free soda, if the hyposulphite of soda 
is m excess, and liydiochlouc acid is added to it, the platinum is com¬ 
pletely precipitated on the application of heat. (Himly, Ann. Pliarm , 
43,152.) 


KC1 

74 6 

. 30 52 

Beizelms. 

30 58 

'Waizer. 

29*0 

Pt 

99 0 

40 51 

40 43 


2 Cl 

70 8 . 

28 97 

28 99 


KCbPtCl 2 

244 4 

. 100 00 

100 00 



M. Fluoplatinate of Potassium. —Formed by precipitating hydro- 
fluate of potash with less than the equivalent quantity of bichloride of 
platinum, decanting the liquid from the chloroplatmate of potassium, and 
evaporating A daik brown deliquescent salt then separates, which is 
insoluble m alcohol. (Beizelius, Pogg. 1, 36.) 

N. Nitrate of Platinic Oxide and Potasii. — Basic .—Potash added 
to a solution of platinic nitrate, throws down the first half of the oxide as 
a pure hydrate, and the remainder m the form of a lighter brown, basic 
double salt. (Berzelius ) 


Platinum and Sodium. 

A. Alloy of Platinum and Sodium. —Behaves like the alloy of 
platinum and potassium. (H. Davy.) 

B. Platinite of Soda —When protochloride of platinum is decom¬ 
posed by excess of soda, part of the protoxide dissolves in the soda. 
From the colourless solution, nitric acid throws down a white, very bulky 
protoxide, which turns bluish giey when exposed to sunshine, and deep 
black when heated—is decomposed by heat, yielding 15 per cent, of oxygen 

Y 2 



324 


PLATINUM. 


gas-—and before drying, is soluble without colour in excess of nitric acid 
(Vauquelm ) 

C. Platinate of Soda —Prom a clear aqueous mixture of bichloride 
of platinum and carbonate of soda, exposed to sunshine, or heated to 
100°, platmate of soda is deposited m a few days, m the form of a reddish 
yellow, paitly pulverulent, partly crystalline precipitate (W Doberciner, 
jPogg 28, 180 ) If the solutions of the two salts are used m as concen¬ 
trated a state as possible, the mixture boiled down to dryness, and the 
1‘esidue washed with water, a densci precipitate is obtained, having moio 
of an ochre-yellow colour. (Fr Weiss <fe Fr Dobeiemer, Ann. jpharm. 
14, 21.) 

Weiss & Dobeiemer. 

NaO 31 2 7 25 7 44 

3PtO‘ : 315 0 80 20 79‘99 

6110 54 0 12 55 12 50 

NaO J 3PtO- + GAq 430*2 100 00 99 93 

At a red heat, it first gives off watei, afterwards oxygen gas, and 
leaves a black residue, from which the soda may ho dissolved out hy 
water The residual black powder appeals to he a mixture of platinum 
and platinic oxide, at all events, hydrochloiic acid dissolves out platmic 
oxide from it Foimie acul, with the aid of heat, converts platmate of 
soda into platinum-black, causmg at the same time a busk evolution of 
carbonic acid and formation of foimiate of soda (p. 278). Pleated aqueous 
oxalic acid dissolves platinate of soda, with evolution of carbonic acid, 
forming a dark liquid, which, on cooling, first becomes green and then 
dark blue, and deposits copper-coloured needles of platinous oxalate 
Acetic acid withdiaws all the soda from platmate of soda, together 
with a small quantity of platmic oxide, and leaves pure, ochre-yellow 
hydrate of platmic oxide. Dilute nitric acid dissolves it easily and com¬ 
pletely, forming a deep yellow liquid, which forms, with nitrate of silvei, 
a yellow precipitate, soluble m mtnc acid (W Doberciner ) Dilute 
oxygen-acids extract the soda without dissolving the platmic oxide, from 
the denser ochre-yellow compound, stiong nitric acirl dissoh os out nothing 
hut soda (Fr. Weiss & Fr. Doberciner.) 

D. Borax foims, with the platinous oxide prepared by E Davy 
(p. 282), a black glass, which afterwards becomes coloured from reduction 
of platinum 

E. Sulpiioplatinate of Sodium —1 When chloroplatniato of 
ammonium is fused with an equal weight of sulphur and ignited carbonate 
of soda, a mass is obtained, which dissolves m water, forming a very deep 
red solution, while pait of the platinum is sepaiated.—2. Sulphide of 
platinum precipitated hy sulphuretted hydrogen dissolves m aqueous 
monosulphide of sodium, forming a red solution. (Vauquelm ) 

F. Sulphite of Platinous Oxide and Soda— a. 3(NaO,S0 2 ) 
~f PtO,S0 2 .—1. Formed hy precipitating sulphite of platinous oxide with 
carbonate of soda —2 By passing sulphmous acid gas through aqueous 
bichloiide of platinum till the liquid is completely saturated, then adding 
carbonate of soda, and washing the bulky white precipitate with water. 
In the diy state, it forms a white amorphous powder; m the moist state, it 
has a tinge of yellow. Remains m the foim of a white varnish when the 
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aqueous solution is evaporated. In the state of aqueous solution, it is 
neutral to vegetable colours. (Litton & Sclmedermann, Ann. Pharnu 
42, 316.) 


Dried at 200°. 

3NaO 

93 6 

28*48 

Litton & 
Schnedetmann. 
28 14 

PtO 

107 0 

32 56 

31 87 

ISO 2 

128 0 

38 96 

39 24 

3(NaO,SO = ) + PtO,SO 2 

328 6 

100 00 

99 25 


The salt, after drying at 100°, gives off at 200°, from 4 16 to 4 28 per 
cent of water, about =14 At Above 240°, it becomes darker, and by 
continued ignition it is completely decomposed, leaving platinum, together 
with sulphate and sulphite [2] of soda. Chlorine passed tlnough the 
aqueous solution of the salt exerts a decomposing action. Acids dissolve 
it with evolution of sulphurous acid, from the solution m bydiochlonc 
acid, ammonia throws down Magnus's green ammomo-pio to chloride of 
platinum, the dark sulphuiic acid solution contains sulphate of soda and 
sulphate of jilatmic oxide, which, when sufficiently concentiated, deposits 
metallic platinum. The solution of the salt m aqueous cyanide of potas¬ 
sium, deposits, on evapoiation, crystals of protocyanide of platinum and 
potassium The solution of the salt 111 water is not precipitated by 
sulphuretted bydiogen or liydrosulphate of ammonia, excepting on the 
addition of an acid, which decomposes the salt, and, slowly at ordmaiy 
temperatuies, but immediately on the application of heat, pioduces a brown- 
red colour m the liquid and a deposit of sulphide of platinum. Boiling 
aqueous hydi osulphate of ammonia oi potash gradually dissolves the salt, 
and an acid added to the solution tlnows down sulphide of platinum. 
Boiling solution of potash or soda exeits no decomjiosmg action on the 
salt. It is hut very slightly soluble m cold water, but somewhat more 
soluble in hot water, so that it becomes turbid on cooling. Common salt 
throws it down fiom the solution in white flakes, a similar, but weaker 
precipitating action is exerted by sal-ammoniac, chloride of barium, and 
nitrate of silver The salt is insoluble m solution of common salt and m 
alcohol (Litton & Schnedermann ) 

b. NaO, SO 2 + PtO, SO 2 .—When the salt (ct) is dissolved in the smallest 
possible quantity of dilute sulphuric 01 hydrochloiic acid, and the liquid 
evaporated at a gentle heat, sulphurous acid is evolved, and a yellowish 
powder separates, which must be washed with a small quantity of cold 
water This salt dissolves in watei, with tolerable facility, forming a 
liquid which reddens litmus slightly, and gives no precipitate with common 
salt, m other respects it behaves like (a) (Litton & Schnedermann.) 


Dued at 100°. 
NaO . . . 

31 2 . 

14 7S 

Litton & 
Sclmedeimann. 
15 17 

PtO 

107*0 

50 66 

50 13 

2S0 2 

64 0 

30 30 

. . 30 22 

HO 

9 0 

4 26 


NaO J SO* + PtO J SO-+Aq 

211 2 

100 00 



G-. Sulphate of Platinic Oxide and Soda. — Basic. —Obtained like 
the corresponding potash salt (p. 32). Contains 84T6 percent, of platinic 
oxide, 7T1 sulphate of soda, and 8 73 water (E Davy.) 

H. Iodoplatinate of Sodium.'—F ormed by dissolving biniodide of 
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platinum in aqueous iodide of sodium. Lead-grey, striated needles, 
deliquescent, easily soluble m water and alcohol. (Lassaigne.) 


I. Bromoplatinate of Sodium.— Prepared in a similar manner to 
the potassium-salt Bark red prisms, permanent m the air, easily soluble 
m water and alcohol. (Bonsdorff, Pogg . 19, 343, 33, 61.) 



Anhydrous. 


Crystallized 


BonsdorfT 

NaBr 

1016 ... 

28 43 

NaBr 

101 6 

24 70 

25 55 

Pt 

99*0 

27 70 

Pt 

99 0 

24 06 

23 70 

2Br 

.. 156*8 

43*87 

2Br 

6HO 

156*8 . 
54*0 

. 38 11 
. 13 13 

37 11 
13*64 

NaBr, PtBr 2 357*4 . 

100 00 

+ 6Aq. 

411*4 

100 00 

100 00 


K . Ciiloroplatinite of Sodium. —Prepared like the corresponding 
potassium-salt—Red, not crystallizable, easily soluble in water and 
alcohol. (Magnus ) 

L. CnLOROPLATiNATE of Sodium. —Aqueous bichloride of platinum 
mixed with common salt and evaporated, yields the hydrated compound 
in aurora-red pi isms and tables, which, when carefully heated, give off 
their water, and leave the dry salt m the form of an orange-yellow 
powder This powder swells up when more strongly heated, but requires 
a very high temperature to decompose it completely, being then resolved 
into a mixture of platinum and chloride of sodium. (Vauquelm.)—The 
salt dissolves very easily m water and alcohol Sal-ammoniac added to 
the aqueous solution throws down chloroplatinate of ammonium, while 
common salt remains in solution. Potash and soda, either caustic or in the 
state of carbonate, forms with the solution a precipitate which redissolves 
in excess of the alkali (Mussin-Puschkm, Grell . Ann. 1800, 1, 91 ) 

Anhydrous Crystallized Berzelius. Vauquelm. 


NaCl 

58 6 

25 66 

NaCl 

58*6 

20 75 } 



Pt . 

99 0 

. 43 35 

Pt 

99 0 

35 06 } 

80-75 

. 80 

2C1 

70*8 

30 99 

2C1 

70 8 

25 07 j 






OHO 

54 0 

19*12 

19 25 

20 

NaCljPtCP 

228 4 

100*00 

+ 6Aq 

282 4 

100 00 

100 00 . 

. 100 


When aqueous bichloride of platinum not containing any free hydro¬ 
chloric acid is mixed with a quantity of soda not quite sufficient to give 
it an alkaline reaction, and then left to evapoiate spontaneously, brownish 
yellow and pearly grey laminae are formed, which are permanent m the 
air, do not redden litmus, and dissolve readily in water, forming a dark 
brown solution. These larnime, when gently heated, turn yellow, and 
give off 15 per cent, of water, 'when heated to redness, they leave 20 per 
cent, of platinum, together with chloride of sodium. 

M PiiUOPLATiNATE of Sodium —Gummy, dark brown, decomposed 
by contact with water into a soluble acid salt and an insoluble basic salt. 
(Berzelius.) 

N. Nitrate of Platinic Oxide and Soda.— Basic —When 
solution of platinic nitrate is mixed with soda, piue hydrate of platinic 
oxide is first precipitated, and afterwards this double salt. Turns white 
when dry. (Berzelius.) 
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Platinum and Barium. 

A. Alloy of Platinum and Barium. —Platinum fuses with an 
equal weight of barium before the oxy-hydrogen blowpipe, forming a 
bronze-coloured metal, which, m the couise of 24 hours, decomposes and 
leaves a reddish powder (Clarke, Gilb. 62, 372 ) 

B Platinate of Baryta. —Precipitated on mixing a platinic salt 
with a laige excess of baryta. Light yellow powder, which, at a red 
heat, is resolved into a mixtuie of platinum and baryta. (Bei zelius, 
Lehrb ) — The hydrochloric acid solution of platinum behaves with 
baryta, both in the dark and when exposed to light, just as with lime, 
and yields a compound perfectly similar to Herschel’s precipitate. 
(Fr. Weiss & Fi. Dobeiemei ) 

C. Sulphate of Platinic Oxide and Baryta —Chloride of barium 
added to a solution of platinic sulphate, produces a brown, tasteless 
piecipitate, which, at a red heat, gives off nothing but water It is not 
decomposed by alkalis, dissolves m hot sulphuric acid or aqua-iegia, but 
not in water or m boiling hydiochlone or nitric acid (E Davy )—When 
chloiido of platinum m solution is mixed with chloride of barium and 
hydrochloric acid added, the whole of the platinic oxide is precipitated 
together with the sulphate of baiyta. (Berzelius, Ann Ghim. Fhys , 
14, 376 ) 

D. Iodoplatinate of Barium. —Similar to the sodium-salt, but 
somewhat less deliquescent. (Lassaigne ) 

E. Bromoplatinate of Barium.— Red prisms, permanent in dry 
air. (Bonsdorff ) 

F. Chloroplatinate of Barium —1. A mixture of chloride of 
platinum and excess of chloride of barium is left to evaporate spon¬ 
taneously, the resulting crystals dissolved out by a small quantity of 
cold water, which leaves behind the greater part of the chloride of 
barium formed at the same time, the solution left to evaporate; the 
residue again exhausted with cold water, and the solution again evapo¬ 
rated (Bonsdorff )—-2. Aqueous biclilonde of platinum is saturated with 
baryta-'water, or boiled with caibonate of baryta, and the filtrate exposed 
to the ait till it evaporates to the crystallizing point, if bary ta-watei lias 
been used, the hltiate at first deposits carbonate of baiyta. (Berzelius, 
Lehrb ) 

Hydrated ibombic prisms, having the angles at their lateral edges 
equal to 107° and 73°, permanent in the air. (Bonsdorff) Light yellow 
(Beizelius); orange-yellow (Bonsdorff). They effloresce at 70", and 
leave an opaque powder, which gives off the rest of its water at a higher 
temperature. W hen ignited, it leaves platinum together with chloride of 
barium. (Bonsdorff, Fogg 17, 250.) 


Anhydrous Crystallised Bonsdorff. 


BaCl 

104 0 

37*98 

BaCl 

104 0 

33 57 

33*56 

Pt 

90 0 

36*16 

Ptcr- 

169 8 . 

5^*81 . 

... 52 48 

2C1 

70 8 

25 8b 

4HQ 

36*0 

11 62 

13 96 

BaCl,PtCP 

273 8 . 

, ..100*00 

+ 4Aq. 

309*8 , 

... 100-00 , 

.. 100-00 



328 


PLATINUM. 


When aqueous bichloride of platinum is boiled with carbonate of 
baryta., a heavy, orange-yellow powdei is precipitated, easily soluble in 
water at a red heat, it first gives off water and then decomposes. 
(Berzelius, Lehrb.) 


Platinum and Strontium. 

A. Platinate op Strontia. —Similar to platinate of baryta. 

B. Chloroplatinate of Strontium. —Prepared like the barium- 
salt (1) Rhombic prisms, having the angles of their lateral edges about 
equal to 93 J and 37°, and often forming a delicately radiated mass. 
Permanent m the air, efflorescent in warm air, very easily soluble in 
water (BonsdorfT) 

Anhydrous . Crystallized. BonsdoifF. 


SrCl 

79 4 

31-S6 

SrCl 

79 4 

. 24 72 

24 64 

Pt 

99 0 

39 73 

PtCl 2 

169 8 

52 86 

52 52 

2 Cl 

70 8 

28*41 

8110 

72 0 

22 42 

22 84 

SiCI,PtCP 

249*2 

100*00 

+ 8Aq. 

321*2 

100 00 

100 00 


Carbonate of strontia, like caibonate of baryta, when boiled with 
aqueous bichloride of platinum, throws down an oiange-yellow, pulveru¬ 
lent basic salt. (Berzelius ) 


Platinum and Calcium. 

A. Platinate of Lime. — HerscheVs Precipitate .—Aqueous bichloride 
of platinum may be mixed in the dark with excess of lime-water, without 
producing any precipitate. So long as light is excluded, the mixture 
merely deposits a few flakes after a -very long time, and after that, 
nothing. But in sunshine it becomes nnlky, and forms an abundant 
white precipitate, which quickly settles at the bottom If the quantity 
of lime is deficient, the precipitate lias a pale yellow coloui. Violet 
light acts in the same manner as colourless light, but led or yellow light 
exeits no action , thus, the mixture remains clear when placed m a tube 
within a vessel containing sulphuiic tincture of roses, or any yellow 
liquid, and exposed to the sun (Herschel, Phil Mag J. 1, 58, also 
Sckw. 65, 262, also Ann Phann. 3, 317)—The precipitate is yellowish 
white. (Fr. Dobereiner.) 


CaCl 

+ CaO,2PtO ; 

! +7Aq 

? 

a 1 

l) 1 

2Ca 


40 

0 

10 63 

9 04 

9 06 

2Pt 


198 

0 

52*60 

53 02 

53*70 

50 


40 

0 

30 63 

10*45 

10 49 

Cl 


35 

4 

9 40 

9 37 

9*35 

7HO 


63 

0 

16 74 

17 65 

17 37 



376 

4 

100 00 

99 53 .. 

.. 99*97 





a . 2 

1 2. 



CaO 


12 664 

12 68 



Pt. 

O 



53 023 

8 637 

} 62 38 



Cl 



9 368 

9*35 



HO 



17 650 

17 37 



imojA ini no 
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a , 2, is tlie original analysis byFr. Weiss & Fr. Dobereiner (Ann, Pharm • 

14, 18) of the compound dried at 100° , b, 2, that by Fr. Dobereiner- 
{Ann, Pharm. 14, 252 ) In the columns beaded a, 1, and b , 1, tlie result 
of these t analyses aie calculated in such a manner as to be comparable 
with the preceding theoretical numbers. 

The compound, when heated to strong redness in a covered crucible, 
gives off water and oxygen, together amounting to 25 per cent, and is 
converted into a dark violet powder, which becomes strongly heated by 
contact with water, and from which nitric acid dissolves out the lime and 
chloride of calcium, leaving a residue of daik violet platmous oxide. 
(W. Dobereiner, Pogg 28, 180 ) Hydrochloric acid readily dissolves tlie 
compound Nitnc acid dissolves it completely when recently precipitated, 
but if it be dry, a small quantity of platinic oxide is left. In the result¬ 
ing solution, nitrate of silver produces an orange-yellow precipitate, inso¬ 
luble in alkaline hyposulphites. (Heischel.) The compound dissolves m 
the smallest quantity of nitric acid, and sal-ammoniac added to the solu¬ 
tion produces no precipitate for several hours, but the precipitation, when 
once begun, goes on for several days. (Fr. Weiss & Fr. Dobereiner ) 

B Bromoplatinate of Calcium. —Scarlet prisms permanent in the 
air. (Bonsdorff.) 

C Ciiloroplatinate of Calcium —An aqueous mixture of bichloride 
of platinum and chloride of calcium, the latter not being m excess, yields, 
when allowed to evaporate spontaneously, merely dendutes, together with 
a brownish yellow, gelatinous mass , but if the mixture contains an excess 
of chloride of calcium, and is evaporated at a gentle heat, it yields 
distinct crystals, which may be freed fiom the deliquescent crystals of 
chloride ot calcium by laying them on blotting-paper Small, slightly 
oblique prisms, the terminal faces of which are but little inclined to the 
adjacent faces, probably isomoiphous with the strontium-salt When 
heated, they give off their water of crystallization, and arc converted into 
a yellow powder, which takes up water again when exposed to the an 


CaCl 

Anhyd) ous. 

55 4 

24 60 

Ci ystalhzed. 
CaCl ‘ 55 4 

18 64 

Bonsdoiff. 
18 45 

Pt 

94 0 

43 96 

Pt 

99 0 

33 31 

32 69 

2C1 

70 8 

31 44 

2C1 

70 8 

23 82 

24 10 




8HO 

72 0 

24 23 

21 76 


CaCl,PtCl a 225 2 100 00 + 8Aq. 297 2 100 00 100 00 


Platinum and Magnesium 

A. Bromoplatinate of Magnesium. —Hydrated deep scarlet prisms, 
tolerably permanent m the air. 

B, Ciiloroplatinate of Magnesium. —The aqueous solution of the 
two metallic chlorides yields, on spontaneous evaporation, reddish yellow, 
six-sided prisms (derived from an acute rhombohedron whose angles are 
neaily equal to 133°, and needles united m silky tufts ; they are perma¬ 
nent m the air. When heated, they give off 4 atoms of water out of the 
six, and are reduced to a yellowish brown powder, which, when exposed to 
the air, soon regains the water which it has lost, recovering at the same 
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timo its former colour, and dissolves in water witli evolution of licat. 
(Bonadorff.) 

Anhydrous . Crystallised. Bonsdorff. 

MgCl. , . . 47 4 2182 MgCl. . 47 4 .17 48 . 184)8 

Pi . 99 0 45*58 PiCl- 169*8. 62 61 . 61 09 

2 Cl 70 8 32 60 6HO . 51*0 19*91 20*83 

MgCl/PtCl 3 217*2 100 00 +0Aq ! ^71 2~ioo7)~ 1 cowT 

When an aqueous solution of bichloride of platinum is boiled with 
carbonate of magnesia, an orange-yellow powder is produced, which is 
insoluble m water, and, when heated to redness, loaves a mixture of 
platinum and magnesia. (Berzelius ) 

Platinum and Aluminum. 

Sulphate op Platinic Oxide and Alumina. —Ply dro chi mate of 
alumina added to a solution of platinic sulphate, produces a biown, 
gelatinous precipitate, which diies up to a black, sliming powder, per¬ 
manent in the air. This powder, when heated to redness, gives up nothing 
but water, amounting to 27 per cent.; it is insoluble in water and in 
cold mineral acids, very slightly soluble m hot acids. (E. Davy.) 


Platinum and Silicium. 

A. Silicide of Platinum.—1 Silicium ignited by itself m a 
platinum crucible, does not combine with its substance; but when silico- 
fluonde of potassium is reduced by potassium, the silicium penetrates 
deeply into the crucible at the points in which the potassium touches the 
sides. (Berzelius, Fogg. 1, 220 )—2. Platinum fuses when covered with 
charcoal powder and exposed to the heat of a powerful foige, taking up 
at the same time \ p. c. of silicium , but when covered with lamp-black, 
which does not contain silica, it exhibits no signs of fusion. (Boussin- 
gault, Berzelius )—3. Platinum foil immersed in charcoal-powder, and 
exposed for four hours to the heat of a blast-furnace not strong enough 
to fuse it, is likewise penetiatcd by silicium and loses its lustre. 
(Boussmgault.) The compound ot silicium and platinum is greyish 
white, hard, of granular fiacture, difficult to cut or file; scratches 
platinum and iron, and does not become harder by lapid cooling , (2) 
has a specific gravity of 20*5 (Boussmgault), 18 3 (Berzelius); (3) 
has a sp gr. varying from 17 5 to 18*0 (Boussingault ) When cold, 
it soon splits under the hammer, at a red heat, it is perfectly brittle. 
Its ductility is not lestored either by heating it m contact with the an, 
or by cementation with peroxide ol manganese Dissolves in aqua- 
regia less easily than platinum, and with separation of a thick mist 
of gelatinous silica, which, when completely separated by evaporation 
and digestion in water, amounts to 1 per cent (Boussingault, Ann Chim. 
Fhys 16, 5 ) The properties of tins compound account for the fact that 
Prechtl (Gilb. 58, 112) found platinum fusible m the heat of a powerful 
blast-furnace, but obtained a button which had a sp. gr. of 17*7, and was 
not malleable, especially when hot. 

B. Platinic Silico-fluobide. — The yellow solution of hydrated 
platinic oxide in hydrofluosilicic acid dries up to a yellowish brown gum. 
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which, when redissolved in water, leaves a brown basic salt . (Berzelius, 
Fogg. 1, 201 ) 

C. The platmous oxide obtained by E Davy (p. 282) forms a dark 
brown vitreous mass, when fused with pounded glass. 

IT A mixture of 1 pt. pulverized spongy platinum (prepared from 
chloioplatmate of ammonium) and 3 parts of a flux composed of 3 pts. 
minium, 1 pt sand, and i pt. fused borax, is used at Sevres for producing 
a grey colour on porcelain. (Salvetat, A 7 ". Ann. Chvni Phys. 25, 342 )1T 


Platinum and Tungsten. 

A. Alloy op Platinum and Tungsten.— Brittle and easily pul¬ 
verized (Do Luyart ) 

B Platinic Sulphotungstate— PtS 3 ,2WS 3 .— Aqueous sulpho- 
tungstate of potassium forms with platinic salts a deep red liquid, which, 
after some time, deposits a black precipitate (Berzelius.) 


Platinum and Molybdenum. 

A. Alloy of Platinum and Molybdenum —Equal portions of the 
two metals yield a hard, brittle, shapeless lump,which appeals compact 
on the fractured surface , it has a light grey coloui and metallic lustre, 
4 pts of platinum with 1 pt. of molybdenum form a hard, brittle, bluish 
grey alloy, having a granular fiacture. (Hgelm.) 

B. Platinic Sulphomolybdate.— PtS 3 ,2MoS 3 .—Black-brown pre¬ 
cipitate. (Berzelius ) 

C. Platinic Persulpiiomolybdate — Dark red precipitate. (Berze¬ 
lius, Pogg. 7 , 286.) 


Platinum and Vanadium. 

Alloy of Platinum and Vanadium — A platinum crucible m which 
preparations of vanadium have frequently been ignited, becomes coveicd 
with a thin film of this alloy, hut without alteiation of colour or lustre ; 
on ignition in contact with aii, it acquires a coating of fused vanadic 
acid, which prevents the further oxidation of the alloyed vanadium To 
clean the crucible, it is therefore necessary to remove the vanadic acid by 
potash, again ignite it m the air, once moie tieat it with potash, and 
repeat these operations 5 or 6 times. 


Platinum and Chromium. 

Chromate of Platinic Oxide —Chromate of potash added to aqueous 
bichloride of platinum, produces a deep red precipitate, which assumes a 
brick-red colour on drying. (Thomson.) 
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Platinum and Manganese. 

A. Bromoplatinate of Manganese —Dark red, six-sided prisms, 
which appear to be isomorphous with the magnesium-salt, they are 
peimanent in tolerably dry air, but deliquesce in a damp atmosphere. 
(BonsdorfF.) 

B Ciiloroplatinate of Manganese —Prepared like the magnesium 
salt, and similar to it m ciystallme form. Colour, deepei yellow. When 
the water of crystallization is driven off, the salt crumbles to a pale 
lemon-yellow powder. (BonsdorfF.) 


Anhychous. Cnjstnllized. Bcmsdoifi. 


MnCl 

63 4 

27-19 

MnCl 

63 4 

22*08 

23 02 

Pt 

99 0 

42*45 

PtCl 2 

. 169 8 

59 12 

58 63 

2 Cl 

70 S 

30 36 

6HO 

54 0 

18 80 

IS 35 

MnCl, PtCl 2 

233*2 

100 00 

+ 6Aq 

287 2 

100 00 

100 00 


Platinum and Arsenic 

A. Arsenide of Platinum. —100 parts of spongy platinum heated 
with excess of arsenic, yield 173 5 paits of arsenide of platinum, the 
combination being attended with vivid combustion. When platinum is 
heated with arsenious acid and carbonate of soda, arsenide of platinum 
and arsemate of soda are foimed Arsenious or arsenic acid heated with 
platinum, without the addition of carbonate of soda, exerts no action on 
the metal. (Gehlen )—Arsenic wrapped up m platinum foil, likewise 
exhibits *\iviu combustion before the blowpipe (Munay, Echnb. Phil J\ 
4, 202.)—The alloy is brittle, and easily fusible When it is heated m 
the air for some time, at a continually increasing temperature, but not 
sufficient to melt it, the aisemc giadually bums away, and leaves a 
porous lesidue of platinum in a state fit foi working 

B Arseniate of Platinic Oxide, oi Platinic Arseni ate — 
Arsemate of soda mixed with platmic nitiatc, forms a light brown 
precipitate, soluble in nitric acid (Thomson.) 

C Platinic Sulpharsenjte. —The precipitate, which is of a deep 
yellow colour at first, gradually becomes dark brown, and black after 
drying; its powder is dark brown When subjected to distillation, it 
gives off part of its orpiment, then fuses, and solidifies on cooling m a 
black mass, having a vitreous fracture, and yielding a grey metallic 
powder, at a white heat, the compound gives off more orpiment, and 
shrinks np to a lighter coloured porous lump, which still contains sulphur 
and arsenic, and fuses readily before the blowpipe. 

D. Platinic Sulpharseniate. —Both terbasic and bibasic sulphar- 
seniate of sodium form, with aqueous bichloride of platinum, a deep 
yellow liquid, which gradually acquires a dark brown colour, and 
is decolorized by green vitriol, with precipitation of a brown-black 
substance. 

Bichloride of platinum mixed with aqueous arsenious acid, and then 
with a small quantity of ammonia, forms a yellow precipitate, which 



PLATINUM AND ZINC. 


333 


soon changes to green, and when heated yields a sublimate of sal- 
ammoniac and arsemous acid, and leaves metallic platinum. 


Platinum and Antimony. 

Antimonide of Platinum. — 1 part of spongy platinum unites 
easily with 2 paits of pulverized antimony, the combination being 
attended with vivid incandescence, and when the temperature is further 
raised, the compound fuses into a stecl-gxey, brittle, fine-gramed alloy 
(G-ehlen) Vivid incandescence is likewise produced by wrapping 
antimony in thin platinum foil, and heating it before the blowpipe 
(Murray.)—The alloy when heated m tlio air, gives up its antimony 
almost wholly, and leaves malleable platinum. (Fox, Ann Phil . 13, 
467 ) 


Platinum and Tellurium. 

Platinic Sulphotellurite— 3PtS 2 ,2TeS 2 —Sulpkotellurite of po¬ 
tassium forms, with aqueous bichloride of platinum, a daik yellow mix¬ 
ture, which, after a few days, deposits the sulphur-salt in dark blue 
flakes, black after drying (Berzelius.) 


Platinum and Bismuth. 

Alloy of Platinum and Bismuth — 1 part of spongy platinum 
and 2 parts of bismuth heated togctliei, combine readily, but without 
visible combustion, and foim a bluish giey, buttle, easily fusible alloy, 
having a laminated fraotuie (Gehlen ) When this alloy is fused at a 
moderate heat, the two metals sepaiate partially, accoulmg to their 
densities When it is strongly ignited in contact with air, the greater 
part of the bismuth burns and foims a vitreous oxide, till the residue is 
no longer fusible 


Platinum and Zinc. 

A Alloy of Platinum and Zinc — 3 part of spongy platinum 
combines with to 2 parts of zinc, at a temperature below redness, 
producing vivid combustion, sometimes amounting to explosion (Gehlen, 
Fox). Zinc wiapped up m platinum foil, and heated befoie the blow¬ 
pipe, produces moie vivid combustion than any othei metal under similar 
circumstances (Muriay.)—The compound is bluish white, veiy hard, 
and easily fusible Platinum is rendered buttle b)' admixture with £ pt. 
of zinc, and zme by pt of platinum The alloy, when ignited m 
the aii, loses the greater pait of its zinc by oxidation, and at length 
becomes infusible 

The black powder which remains, on treating the alloy of 1 pt. 
platinum and 4 pts zinc with dilute sulphuric acid, is not pure platinum, 
hut contains 31 per cent, of zme; it gains 3 per cent, by ignition m the 
air. (Boussmgault, Ann. Ghirn. Phys. 53, 444 ) 

B Iodoplatinate of Zinc —Imperfectly crystallized, deliquescent, 
salme mass, having an astringent taste (Lassaigue.) 
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C. Bromoplatinate of Zinc —Beep red, six-sided prisms, termi¬ 
nated with, the laces of a rhomb oh edron, and. needles united m tufts; 
permanent m the air They arc lsomoiphous with the following* chlorine 
compound E, and with the corresponding bromine and chlorine salts of 
magnesium and manganese (Bonsdoiff) 

B. Chlorqplatinite of Zinc —Obtained by partially precipitating 
the solution of platinum m excess of aqua-regia with zinc, continuing 
the action till the solution acquires a paler yellow colour, and evaporating 
the filtrate. Crystals of B are first produced and afterwards of E. If 
the zinc acts for a short tune only, the resulting crystals consist princi¬ 
pally of E ; hut if the action be continued, till a yellowish powder is 
precipitated together with the platinum, and the liquid be then well 
boiled, and filtered, the chief product obtained is B Small, slimmg, 
light yellow, tolerably hard crystals. When heated m a glass tube, 
they assume a daik orange, and afterwards a brownish yellow tint, 
without giving off water, at a higlici temperature, they arc lesolved, 
with transient jumping motion, into chlorine, platinum, and chloride of 
zme They are but slightly attacked by sulphuric acid They are very 
sparingly soluble in cold water, more easily in boiling water, and are 
separated from the solution by cooling or by tlio addition of alcohol. 
The aqueous solution foims a brown piecipitato with hydrosulphate 
of ammonia, a beautiful yellow precipitate with the hydrochloric acid 
solution of dichloride of copper, and a dingy flesh-coloured precipitate 
with nitrate of silver. (Hunefeld, ftchw. 60, 197 ) 


ZnCl 

Pt 

Cl 

67 4 

99 0 . 
35*4 

. 33 40 

49 06 

17 54 

Or 

Zn 

Pt 

2C1 

32*0 . 
99 0 

70 8 

., 15*86 

49 06 
. 35 08 

Hunefeld. 

16*0 

47*8 

34 6 

ZnCi,PtCl 

201 8 

100 00 


201 8 

100 00 

. 98 4 


E. Chloroplatinate of Zinc. —1. Prepared by the same process as 
B, the action of the zme being continued for a shorter time only. The 
saltB which ciystallizes out at fiist, is separated fiom E, which separates 
latei, by digestion m alcohol, which dissolves the salt E (Hunefeld.)— 
2 Concentrated solutions of bichloride of platinum and chloride of zinc 
become very hot when mixed, and the inixtuic immediately deposits 
crystals of the double chloride (Bonsdorff.) 

Large orange-yellow piisms, of the form of zircon ; they yield an 
orange-yellow powder, and have an astringent taste (Hunefeld.) They 
are isomorphous with the corresponding salts of magnesium and manga¬ 
nese. (Bonsdorff) The crystals, when heated, give off water and turn 
brown, afterwards grey, and at a red heat, yield chlorine gas and sublimed 
chloride of zinc, leading a residue of platinum. Sulphuric acid decom¬ 
poses them readily, with evolution of hydrochloric acid and chlorine. 
They deliquesce in the air (Bonsdorff asserts the contrary), and are easily 
soluble in water and alcohol. The aqueous solution gives a brown preci¬ 
pitate with hydrosulphate of ammonia, and yellow with the hydrochloric 
acid solution of dichloride of copper, and with nitrate of silver. 
(Hunefeld.) 

Anhydrous Crystallized . Hunefeld. 

ZnCl . 67*4 . 28*41 Zn .32 0 . 10 99 .. 10 76 

Pt 99*0 .. 4 1 74 Pt 99*0 34 00 ... 33*34 

2CI . . 70 8 29 85 3C1 I0G 2 36 47 . 35 26 

6HO 54*0 18 54 

+ 6Aq« 291*2 .... 100-00 ~ ~~ 


ZnCljPtCI 3 237*2 .... 100*00 
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Platinum and Cadmium. 

A. Alloy op Platinum and Cadmium —Formed by heating plati¬ 
num with excess of cadmium, till the excess is volatilized. Almost silver- 
white, very brittle, very fine-grained, and refiactoiy in the file Contains 
46*02 (1 At ) platinum and 53 9S (2 At) cadmium (Stromeyer ) 

B Chloroplatinate of Cadmium —The hydrated crystals have the 
same form as those of the magnesium-salt, and are prepared m a similar 
manner, they are of a deeper yellow colour than the magnesium-salt. 
(BonsdorfF) 


Platinum and Tin. 

A. Alloy of Platinum and Tin — 1 part of spongy platinum and 
2 parts of tin-filings heated together, become bright red-hot and yield a 
tin-white, brittle alloy having a laminated texture (Gelilen ) When 
tm-foil is rolled up with fine platinum foil and heated before the blowpipe 
on charcoal, combination takes place, attended with a kind of explosion. 
(Clarke, Ann Phil . 14, 329 and 470, Murray, Edmb Phil J 4, 202 ) 
Equal parts of the two metals foim a dark-coloured, hard, bzittle, tolerably 
fusible alloy, having a coarse granular structure The alloy of 12 pts 
tin and 1 platinum is somewhat malleable 

The precipitate formed m solution of bichloride of platinum by 
protocliloride of tin, is probably a compound of stannic acid and protoxide 
of platinum. 

B Stannous Ciiloroplatinite — a. With a comparatively large pro- 
portion of tin —Deep led. Dissolves but sparingly m water, producing 
a bright red solution , a larger quantity decomposes it into hydrochloric 
acid and a chocolate-coloured powder, which contains stannous oxide as 
well as stannous chloroplatinite, yields black crystalline grams when 
ammonia is poured upon it, and burns away like tinder, when heated, 
leaving stannic oxide and platinum. (Kaue )— b. With a smaller quantity 
of tin. —Greenish biown, crystalline, very deliquescent, decomposed by a 
large quantity of water into stannic oxide and platinic oxide [platoons'*] 
(Kane, Phil . Mag. J . 7, 399, also J pr. Okem . 7, 135 ) 


Platinum and Lead. 

Alloy of Platinum and Lead —Melted lead poured into a platinum 
crucible dissolves a portion of the platinum (Berzelius.) Lead wrapped 
in platinum foil exhibits incandescence when heated (Murray .)—1 part 
of spongy platinum and 2 7 of lead heated to redness together, combine 
without visible combustion and form an easily fusible compound, which 
has the colour of bismuth, splits under the hammer, and exhibits a 
fibrous fracture The alloy of 1 pt. platinum and 2 pts lead is some¬ 
what more brittle (Gehlen ) An alloy containing equal quantities of 
the two metals has a purple colour and striated surface, and is hard, 
brittle, exhibits a granular fracture, and is altered by exposure to the 
air. When these alloys are heated to redness in the air, only part of the 
lead separates from the platinum, the separation going on indeed only so 
long as the alloy remains fusible. 
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Platinum and Iron, 

A. Alloy op Platinum and Iron. —Equal weights of platinum and 
iron heated before the oxy-hydiogen blowpipe unite, with vivid emission 
of sparks, and form a shining, veiy hard and malleable alloy, which is 
scarcely touched by the hie In equal volumes, the two metals yield a 
brittle button (Claikc ) Combination does not take place m the heat 
of an ordinary fire (Lewis, Gehlen ) An alloy of 99 pts iron and 1 pt. 
platinum is not attacked by ordinary nitric acid. (Schonbem, Fogg. 
42, 17 ) 

When equal weights of iron and platinum aie dissolved m aqua-regia, 
the excess of acid expelled by evaporation, the solution precipitated by 
ammonia, and the washed precipitate reduced in a stieam of hydrogen at 
a low red heat, an alloy of iron and platinum is obtained, which imme¬ 
diately takes fire on exposure to the air. If this alloy, without being 
allowed to come m contact with an, so that no combustion may take 
p^ace, be thrown into hydrochloric acid—which dissolves pait of the iron, 
with evolution of hydrogen,—and the lesiduo washed with water, there 
remains a black heavy powder, containing 80 1 p c platinum to 19 9 
iron (which may he dissolved out by boiling mtnc acid) together with a 
trace of moisture, but no hydrogen. This residue takes fire in the air 
considerably below a red heat, and bmns with emission of spaiks 
Sometimes the combustion begins at the hottest part and spreads through 
the mass with a red light, as in the burning of tinder, after the combus¬ 
tion, the powder is found to have gained 1 per cent m weight (Boussm- 
gault, Ann. Chun. Fhys 53, 441 ) 

B. Carbide op Platinum and Iron — a . With Steel — a. 9 pts. 
platinum with 2 pts. steel. Perfect alloy which does not tarnish on 
exposure to the air ; sp gr. 15 88.— B, 1 pt platinum to 1 pt steel. 
Takes a high polish, does not tarnish, exhibits a highly crystalline 
stiucture on the surface, and has a density of 9 862 —y 1 pt platinum 
to S pts. steel Finely damasked alloy—5. 1 platinum to 10 steel, sp. 
gr 8 1 —€ 1 pt platinum to 67 pts steel The best adapted for cutting 
instruments —( 1 pt platinum to 100 pts steel. Of uniform surface, 
and beautiful fiacture ; not so hard as silver-steel, but much tougher, and 
therefore specially adapted to many puiposes. (Faraday & Stodart, Gdlu 
66,196 ,* 72, 225 .)—rj 1 pt platinum to 200 steel Damasked alloy, very 
well adapted for razors. (Breant) Steel alloyed with a small quantity 
of platinum dissolves m dilute sulphuric acid much more quickly than 
pure steel This inciease of solubility is produced even by pt. 
of platinum, and is stiongest with a quantity between T ^_ and j-Uf. 
With xV of platinum, the solubility is perceptibly less, steel alloyed with 
one-half platinum does not dissolve more quickly than pure steel, and a 
compound of 2 parts steel with 9 platinum is not at all affected by dilute 
sulphuric acid. These alloys exhibit the same relations towards other 
dilute acids (Faraday Stodart, Ann . Chun. Fhys 21, 67: comp 

v, 210 .) 

When a compound of 100 parts of steel with 1 part of platinum (or 
of any other metal insoluble m nitric acid) is treated with dilute sulphuric 
acid, and the undissolved portion, containing platinum, iron, caibon, and 
hydrogen, is boiled with nitric acid, a black residue is left This latter 
substance, when heated to 200 °, detonates slightly, producing a faint 
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light, but if gradually heated, decomposes without detonation, it dissolves 
in aqua-regia, yielding a solution containing a large proportion of platinum 
with but little irou. (Faraday & Stodart ) 

b. With Qast-iron, platinum forms a dark, malleable, and very hard 
alloy. (Lewis.) 

C. Ferrous Iodoplatinate —The blood-ied solution of bimodide of 
platinum m aqueous protiodide of iron, leaves, when evapoiated m vacuo, 
a non-crystalline, deliquescent mass The aqueous solution, when exposed 
to the air, deposito feme oxide, and is converted into a carmme-coloured 
solution ot bimodide of platinum m sesquichlonde of iron. (Lassaigne.) 


D Ferrous Chloroplatinate —Preparation and crystalline form 
of the hydrated salt, the same as ot the corresponding magnesium-salt; 
the evaporation is best performed under a bell-jar not exhausted of air. 
The daik yellow crystals become covered, od exposure to the an, with a 
red-brown powder, and their aqueous solution deposits the same substance 
when left in an open vessel. (Bonsdorff.) 


FeCl 

Anhycb ous. 

63-4 27-19 

PeCl 

Crystallized 
63*4 22*08 

Pt * 

99 0 

42 45 

PtCP 

169*8 

59 12 

2C1 

70 8 

30 36 

OHO 

54*0 

18 80 


Bonsdorff. 
21-32 
60 45 
18 23 


FeCl,PtCl 2 233 2 100-00 + 6Aq 287 2 ... 100 00 . 100 00 


Platinum and Cobalt. 

Chloroplatinate op Cobalt —Preparation and crystalline form, as 
with the magnesium-salt; colour, a somewhat deeper yellow. (Bonsdorff.) 


Platinum and Nickel. 

A. Alloy of Platinum and Nickel.— Equal parts of these metals 
placed upon a piece of charcoal burning in a stream of oxygen, unite 
quickly, and form a pale yellowish white alloy, perfectly malleable, sus¬ 
ceptible of a high polish, equal to copper m fusibility and to nickel in 
magnetic power. (Lampadius.) 

B. Chloroplatinate of Nickel —Preparation and crystalline form 
of the hydrated salt, as with the magnesium-salt Colour, greenish yellow. 
(Bonsdorff.) 


Platinum and Copper. 

A. Alloy of Platinum and Copper —Combination does not take 
place below a white heat.—Equal weights of platinum and copper, heated 
together in the oxy-hydrogen blowpipe flame, yield a pale yellow alloy 
having the colour and specific gravity of gold, extensible, easily attacked 
by the file, and tarnished by exposure to the air. (Clarke.)*—An alloy 
of 26 parts copper and 1 platinum, is malleable, rose-coloured, and 
exhibits a fine-grained fracture. 

B. Chloroplatinate of Copper. —Preparation and crystalline form 

vol. vi. z 
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of the hydrated salt, as -with the magnesium-salt. The pale olive-green 
crystals are best obtained by evaporation over oil of vitriol m a chamber 
not exhausted of air, but if kept too long there, they effloresce and 
become greenish grey. They are permanent in a warmed winter atmo¬ 
sphere, but deliquesce m a summer atmosphere. (Bonsdorff ) 

C. Alloy op Platinum, Copper, and Zinc —7 pts of platinum 
fused at a white heat with 16 parts of copper, under a covering of borax 
and charcoal, and then, after the crucible has been removed from the fire, 
united by agitation with 1 part of zinc, yield a gold-coloured, highly 
extensible alloy, which does not oxidate by roasting and is not attacked 
by boiling sulphuric acid. (Cooper ) A mere trace of iion renders it less 
malleable .—Other directions: 1 pt. platinum, 6 copper, 1 brass, and 
I zinc, or, 2 pts. platinum, 2 silver, 12 copper, 1 brass, 1 zmc. (Burle, 
J . CImn . med 8, 557.) 


Platinum and Mercury. 

Amalgam of Platinum —Hammered platinum does not take up 
mercury at ordinary temperatures, though kept in contact with it for six 
years; if heated, however, it becomes covered with a film of meicury 
which may easily be wiped off. (Darnell)—1. The amalgam may be 
obtained by triturating spongy platinum with mercury Bottger uses a 
warmed mortar for this purpose; Darnell accelerates the amalgamation 
by adding water during trituration, water containing acetic acid being 
best adapted for the purpose —2. By immersing sodium-amalgam (con¬ 
taining yi-Q sodium) m a concentrated aqueous solution of bichloride of 
platinum. Hydrogen gas is then given off m abundance, and, if the 
liquid be too much concentrated, pure platinum separates m the form of a 
soft, black powder (Bottger )—3. By triturating 2 measures of platinum 
sal-ammoniac, made up into a paste with water, with about one measure 
of sodium-amalgam. The platinum sal-ammonic turns black, and gives 
off ammonia [and hydrogen] with a hissing noise; when the evolution of 
gas ceases, the formation of the amalgam is complete; it may be washed 
with water by decantation. (Bottger.)—The amalgam obtained by 
(1) is solid, if the platinum is in excess, hut of an unctuous consistence 
when it contains excess of mercury At a strong red heat, the mercury 
goes off, and the platinum remains in a finely-divided and porous state 
(Daniell, Schw. 33, 100); but if pressure has been applied during the 
ignition, the residual platinum is fit for working. (Mussm-Pusclikin, 
A. Gehl. 3, 453.) This amalgam may be used for covering copper, silver, 
and gold with platinum. {Gilb. 24, 402.) 

When the amalgam obtained by (2) or (3), which has the appearance of 
a viscid paste, is heated m a watch-glass by the flame of a common spirit- 
lamp, it boils up and leaves a grey, coherent mass; and this, when 
pulverized after cooling and again ignited over the alcohol flame, leaves a 
dull black powder, which even after heating for a considerable time, still 
retains of mercury. The residue, boiled for several hours with strong 
nitric acid (which extracts hut a trace of mercury from it even in 24 
hours), then washed with water, and dried, exhibits in a high degree 
the inflaming power of platinum on hydrogen gas and alcohol, notwith¬ 
standing that it contains mercury. At a still higher temperature, the 
mercury goes off, leaving grey, coherent platinum, which no longer sets 
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fire to hydrogen. The black powder is insoluble in cold, but soluble in 
warm aqua-regia. If the platinum-amalgam. Instead of being heated, 
be immediately digested with nitric acid frequently renewed, there remains 
a black powder mixed with a few shining particles of platinum, which 
does not set fire to a mixture of hydrogen and air at ordinary tempera¬ 
tures, but when heated m that mixture, becomes red hot, sets fire to the 
gas, and is converted into spongy platinum (Bottger, /. pr. Chem. 
3, 2 78 ) 

Calomel dissolves in a hot aqueous solution of bichloride of platinum, 
and the liquid, on cooling, deposits crystals, which have not been further 
examined. (BonsdoifF, Pogg 19, 353.)—Mercurous nitrate forms with 
aqueous bichloride of platinum a brown, pulverulent precipitate, which, 
when gently heated, yields a sublimate of calomel and leaves protoxide 
of platinum. (Berzelius, Leh block.) 


Platinum and Silver. 

Alloy op Platinum and Silver. —Silver, by combination with 
platinum, becomes less white, less malleable and harder; when the alloy 
is quietly fused, a compound richer in platinum collects at the bottom. 
Hot oil of vitriol dissolves out the silver and leaves the platinum. 
(D’Arcet) Nitric acid always dissolves a small quantity of platinum 
together with the silver 

When aqueous bichloride of platinum, made as neutral as possible, is 
mixed with mtiate of silver, the liquid becomes decolorized, and a yellow 
precipitate is formed, which appears to be a compound of chloride of 
silver with basic hydrochlorate of platmic oxide [or bichloride of plati¬ 
num' 2 ], this precipitate gives off ehloime at a red heat, leaving platinum 
together with chloride of silver, and when treated with hydrochloric 
acid, gives off all its platinum, and leaves chloride of silver. (Vauquelin ) 
The precipitate is curdy and yellow, becoming dirty white when washed. 
Ammonia dissolves out only part of the chloride of silver, leaving a 
yellow mixture of platinum sal-ammoniac and chloride of silver, from 
which boiling water first extracts pure platinum sal-ammoniac, after¬ 
wards the same compound mixed with a little chloride of silver, after 
ignition, it gLves up all its chloride of silver to ammonia. (Herberger, 
Bepert 55, 210.) 


Platinum and Gold 

Alloy of Platinum and Gold —a . 7 pts. platinum to 3 gold. 
Infusible in the strongest blast-furnace. Alloys containing a larger pro¬ 
portion of gold fuse at that degree of heat. (Prmsep.)— 1> 2 pts. platinum 
to 1 gold’ brittle (Clarke )—c I pt. platinum to 1 gold* very mal¬ 
leable, lias nearly the same colour as gold. (Clarke)— d. 1 pt. platinum 
to 9 6 gold, has the colour of gold and the density of platinum. (Clarke, 
Gilb . 68, 269 )— e. I pt platinum to 11 gold: greyish white, like tarnished 
silver. (Hatchett) 

Platinum likewise combines with Palladium . 
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PALLADIUM. 


Besides the Memoirs cited on p. 252 

Wollaston. Phil. Trans. 1804, 419; also A Gehl. 5, 3 75 — Phil. Trans. 

1805, 316, also F. Gehl 1, 233 
Ckenevix Phil Trans 1803, 4, also A. Gehl. 1, 174. 

Vauquelm. Ann. Ghim 88, 167, also Schw. 12, 265, also A. Tv 
24, 1, 273. 

Berzelius. Sclav. 7, 66.— Pogg. 13, 454. 

Fischer Schw. 51, 192.—Further, Pogg. 71, 431; abstr. Ann. Pharm. 
64, 260. ( 


History. Palladium was discovered and investigated by Wollaston 
in 1803 The statement of Chenevix, that it was a compound of platinum 
and mercury, was shown to be incorrect by Yal Rose & Gehlen (.4. Gehl. 
1, 529), by Tiommsdorff (A Gehl 2, 238), and by Wollaston. Berzelius 
discovered the oxide and many other compounds of palladium. 

Sources. 1. Single grams of pure palladium are found mixed with 
the grains of platinum ore from Brazil (Wollaston, Phil Trans 1809, 

I, 89, also Gilb 36, 303.) Native palladium, mixed with gold and selenide 
of lead, is likewise found at Tilkerode; it was at first taken for selenide 
of platinum. (Bennecke, Rienccker, & Zmken, Pogg 16, 491, G. Rose, 
Pogg 55, 329 )—2. In the platinum ore from South America (amounting 
to m the Peruvian ore . Wollaston ), from Domingo (Schw. 1, 364), and 
from the Ural (p 254;.—3. In combination with gold m an auriferous 
sand from Zacotmga and Condongam Brazil, which is mixed with specular 
iron ore. (Cloud, Gilb. 36, 310, also Schw. 1, 370, Johnson & Lampadius, 

J. pr. Ghent. 11, 309 ) The palladium in this ore amounts to 5 or 6 per 
cent (Cock.)—4 In combination with a large quantity of gold and a 
small quantity of silver, in the ore called Oro pudre from Porpez m South 
America; it amounts to 10 per cent. (Berzelius, Pogg. 35, 514 ) 

Preparation. 1 . From platinum ore* (p. 256, Nos. 3 and 9; p 257, 
No 14; p. 261, No. 16; p. 264, Nos 14-16; p 267, No 8) 

2. From the palladiferous gold of Brazil The gold-dust is fused with 
an equal weight of silver and a certain quantity of nitre, whereby the 
earthy matters and the greater part of the base metals aie removed in the 
form of slag; the alloy is then cast m the form of bars, the latter again 
fused in a black-lead crucible, stnring constantly with an equal weight of 
silver, so that the gold amounts to about one-fourth of the whole mixture 
The alloy is then very fiuely granulated by pouring it through an iion 
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sieve into water; tlie granules lieated in a porcelain basin with an equal 
quantity of nitric acid and an equal quantity of water, as long as any 
action goes on, the liquid decanted, and the residual gold boiled for two 
hours with a quantity of pure nitric acid equal to two-thirds of the granules 
used, aftei which it is washed w T ith hot water, dried, and fused into a button 
From the resulting nitric acid solutions, the silver is precipitated by 
common salt. The remaining liquid being put into wooden vessels, the 
palladium and copper aie precipitated by zinc, the black powder dissolved 
in nitric acid, the solution supersaturated with ammonia, which generally 
leaves undissolved a small quantity of platinum, iron, and lead, and the 
filtrate containing the palladium and copper, very slightly supersaturated 
with liydiochloiic acid, whereby the greater part of the palladium is pie- 
cipitated in the form of yellow ammonio-protochloride, which is then 
washed with cold water and conveited into pure palladium by ignition. 
The remainder of the palladium and the whole of the copper may be pre¬ 
cipitated fiom the hydrochloric acid solution by iron. (Johnson, J. pr. 
Chem . II, 309, Cock, Phil Mag J. 23, 16, also Ann. Pkarm 49, 236, 
also J pr Chem. 30, 20.) 

By igniting tlie cyanide or the ammonio-protochloride of palladium, 
the metal is obtained m the form of a grey spongy mass To render it 
malleable, it must either he fused m the oxygen gas blowpipe, or welded 
in the following manner The metal is fused with sulphur—the sulphide 
}f palladium melted in an open ciucible with borax and a small quantity 
of nitie, m Older to clean it—then taken out of the ciucible, placed upon 
a brick, and exposed to a low red heat, whereby it acquires the consist¬ 
ence of dough, and may be reduced by piessuie to a flat, four-sided, or 
oval cake The roasting, which is attended with a slow evolution of sul¬ 
phur in the form of sulphurous acid, is continued at a low red heat, till the 
cake becomes spongy on the surface,—after which it is left to cool thoroughly 
and then beaten with a light hammer, to give it compactness, and remove 
the spongy growths. It is then again roasted for a considerable time, 
once more gently hammered after cooling, and the same treatment again 
repeated. The operation requires the greatest care and patience, because 
the cake will not at first bear heavy blows. The hammering at length 
renders it flat and solid enough to be passed between rollers and reduced 
to leaf of any required degree of thinness. But it always remains 
somewhat brittle, especially at a high temperature, probably because it 
retains a small quantity of sulphur (Wollaston, Schw. 5T, 81; also Fogg . 
16, 166.) Palladium may also be rendered malleable by the process 
which Wollaston applies to platinum (p. 271), but it never becomes so 
ductile as platinum. 

Properties. Crystallizes m six-sided tables, with distinct cleavage 
parallel to the terminal faces. (GL Bose ) The crystals are white, with a 
strong lustre, of almost microscopic size, and attached to laminae of native 
gold. (Gr Rose ) The native palladium from Brazil exhibits a fibrous 
structure, and maybe thereby distinguished and separated from the grains 
of platinum with which it is mixed. (Wollaston) Specific gravity of 
fused palladium, 1104 at 18° (Cloud), 11*3 (Cock), fiom 11*3 |to 11*8 
(Wollaston), of hammered palladium, 11*8 (Cock), 11*852 (Lampadius), 
rather moie than 12 0 (Vauquelin), 12 148 (Lowry) Ductile, but some¬ 
what less so than platinum, maybe idled out into thin leaves. Palladium 
prepaied from the sulphide (vtd svp ) is ductile when cold, somewhat 
brittle at a high temperature (Wollaston); that which has been xendered 
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compact by the same method as platinum, is apt to crack at tlie edges when 
hammered cold. (Biewend, J.p Chem 23, 248 ) Palladium is as hard as 
platinum. It likewise resembles that metal in colour and lustre, but is 
somewhat darker. Finely-divided palladium, floating in water, exhibits 
a blood-red colour by transmitted light. (Biewend.) Palladium docs not 
fuse, even at the heat of a very powerful blast-furnace; but its particles 
adhere together sufficiently to allow the mass to be afterwards hammered 
and rolled. (Vauquelin, Cock.) In an iron-assay furnace it exhibits incipient 
fusion. (Biewend.) It fuses about as easily as bar-iron. (Breant.) Melts 
and boils when heated on a piece of charcoal ignited in a stream of 
oxygen. (Vauquelin.) 


Compounds of Palladium . 

Palladium and Oxygen. 

A. Protoxide of Palladium, or Palladious Oxide. 

Formerly called Palladio Oxide., Palladiumoxyd — Formation. — 
Bright metallic palladium assumes a violet tint when heated to dull 
redness m the air, and if the heat be longer continued, acquires a blue 
tarnish, at higher temperatures, however, it recovers its metallic lustre, 
and retains it if afterwards suddenly cooled, e g. by immersion m water. 
(Breant.) Palladium obtained m the finely-divided state by reducing the 
cliloropalladite of potassium with hydrogen gas, becomes covered with a 
fine blue film on exposure to tlie air, but does not receive any accession of 
weight which can he detected by the balance; the blue colouring is removed 
by hydrogen gas. (Berzelius ) Palladium exposed for some time to a low 
red heat, becomes covered with a friabtecrust of brown protoxide, which 
however is reduced at a higher temperature. (Cock.) When heated to 
its boiling point on charcoal burning m a jet of oxygen, or before the 
oxy-liydrogen blowpipe, the metal burns, with emission of bright red 
sparks (Vauquelin, Clarke, Ann Phil 17, 424)—2. The metal is 
oxidized and dissolved by nitiic acid and aqua-regia at ordinary tempera¬ 
tures, and slowly by boiling oil of vitiiol Palladium dissolves much less 
quickly in pure nitric acid than in that which contains nitrous acid. 
(Wollaston.) Pure palladium dissolves hut slowly in nitric acid: when 
alloyed with copper or silver, it dissolves easily. The black powder 
obtained by precipitating a solution of palladium and copper with zinc dis¬ 
solves very easily in nitric acid, and even in heated hydrochloric or 
sulphuric acid. (Cock )—3. When ignited with hydrate of potash and 
nitre, it is converted into protoxide of palladium, but the oxidation is less 
easy than with the other platinum metals. (Berzelius.) 

Preparation . 1 . By heating nitrate of palladious oxide to low redness 

till the nitric acid is expelled.—2. By heating a palladious salt to com¬ 
mencing redness with carbonate of potash, and exhausting with water 

Properties . Black lumps, having the metallic lustre and the appear¬ 
ance of native black oxide of manganese, and yielding a black powder. 
(Berzelius) 

Calculation , according to Berzelius. 

Pd 53 3 . . 86 95 

O 8 0 13 £ 05 

TdO 6T3 3 00*00 ' 

1 (PdO = 665 899 +100 = 765*899. Berzelius.) 
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Decomposition. Deduced to the metallic state at a red heat, with 
evolution of oxygen. 

Combinations, a . With Water.— Hydrate of Palladious Oxide — 
Formed by precipitating the aqueous solution of a palladious salt with 
carbonate of potash or soda. Caustic potash throws down a basic salt, 
which dissolves m excess of the alkali and forms a colourless solution. 
Dark brown precipitate, which gives off its water when gently ignited, 
but requires a higher temperature to ieduce it to the metallic state. 
(Berzelius.) 

b . With Acids, forming the Salts of Palladious Oxide, or 
Palladious Salts. — The anhydrous oxide dissolves m acids with 
difficulty, and only after long boiling, the hydrate is easily dissolved 
The salts are for the most part brown and red. Their taste is astringent, 
but not metallic. (Fischer ) When ignited alone, or when gently heated 
in hydrogen gas, they yield metallic palladium. The metal is precipitated 
from the solutions of these salts by the following substances By phosphorus. 
(Fischer, Fogg 12, 504.)—By sulphurous acid, with the aid of heat. 
(Berzelius )—By nitrite of potash. A solution of palladium likewise 
becomes covered with a metallic film, when immersed for a fortnight m 
nitrogen gas separated from the air by phosphorus, and afterwards 
washed (Fischer, Fogg. 17, 137, and 480 )—By all the metals which 
leduce silver. In these leactions, it is immaterial whether the palladious 
oxide be dissolved in hydrochloric or in nitnc acid, moreover, with the 
following exceptions, the nature of the metals makes but little difference. 
If part of the palladium be i educed by tin, the liquid acquires a biown 
tint, from admixture of stannous salt, and yields a brown precipitate; 
mercuiy likewise forms a biown precipitate, because mercurous nitrate 
yields a precipitate of that colour with palladious salts. Silver does not 
reduce palladium (Fischer, Fogg. 10, 607 ) B jgreen vitriol (Wollaston.) 
The precipitation does not take place for some time, and is still slower 
when the liquid contains excess of acid; the palladium is not deposited m 
the form of powder, but covers the sides of the vessel with a specular film. 
The reaction reaches its limit with 1 pt. of palladium in 1000 parts of 
liquid. (Fischer, Schw. 51, 197.) By boiling with alcohol . (Berzelius.) 
By formiate of potash , with the aid of heat, the metal is precipitated in 
shining lamina. (Weiss & Doberemer ) 

Phospliuretted hydrogen gas throws down phosphide of palladium. 
This reaction distinguishes palladium from platinum, rhodium, and indium, 
which are not precipitated by phospliuretted hydrogen (Bottger, Beitrage , 
2, 117.)—Hydrosulphunc acid and hydiosulphate of ammonia thiow down 
dark brown sulphide of palladium, insoluble in excess of hydiosulphate of 
ammonia, but soluble in hydrochloric acid. 1 part of palladium in 
10,000 parts of liquid still gives a brownish yellow colouring with hydro- 
sulphuric acid —Hydriodic acid and iodide of potassium throw down 
black iodide of palladium. In very dilute solutions, hydriodic acid first 
produces a dark brown-red colouring, and after a few hours, a black pre¬ 
cipitate, the colour of the liquid becoming pale-red. (Pleiscbl, Schw. 
43, 386.) 1 part of iodide of potassium dissolved in 5000 parts of water 

immediately forms a black precipitate with hydrochlorate of palladious 
oxide, m 50,000 parts of water it throws down a few black flakes after a 
while; and m 500,000 parts of water, nothing. (Baumann, JSf. JBr. Arch . 
29, 214.) 1 pt. of iodide of potassium m 400,000 parts of water still pro¬ 

duces a brown colouring with iodide of potassium, and, after 20 hours, 
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throws down black flakes. (Lassaigne) Since palladium-salts aro not 
precipitated by bromide of potassium, the bromine may be obtained from 
the liquid fllteied from the iodide of palladium and freed from palladium, 
by sulphuretted hydrogen. (0. Henry, J. Fliarm* 28, 216, comp , 
L. A. Buchner, Repert, 78, 8.) 

Protochloride of tm forms a black brown precipitate with palladious 
salts. (Wollaston.) Metallic tin acts m the same manner, after having 
first thrown down metallic palladium. In many cases, the liquid first 
acquires a red-brown tint. The black-brown precipitate dissolves in cold 
hydrochloric acid, forming a bluish green solution (hence an acid solution 
of palladium in hydrochloric acid, when mixed with protochloride of tin, 
becomes green at first, and afterwards deposits a brown powder), warm 
hydrochloric digested with the precipitate, dissolves out only the tin, and 
leaves the palladium in the form of a black powder. The tm-salt sometimes 
throws down a black powder and metallic films. Limit of the reaction: 
1 pt of palladium m 100,000 parts of liquid. (Fischer, Schw 51, 197; 
53, 113.) Mercurous nitrate foims at first a brown precipitate, which, 
together with the liquid, becomes darker after a while, and forms a 
metallic film on the sides of the vessel and on the surface of the liquid. 
The limit of the reaction is the production of a yellow colouimg m a 
solution containing 1 pt. of palladium m 100,000 parts of liquid. 
(Fischer.) 

Ammonia addfeij in excess to palladious salts, forms a mixture which is 
yellow at first and colourless afterwards (Berzelius ) It does not exhibit 
a blue colour unless' copper is present. (Fischer, Berzelius.) A small 
quantity of ammonia fornfts no precipitate m a solution of the nitrate, but 
from the chloride, it throws down a copious flesh-coloured precipitate of 
ammonio-protochlonde of palladium, soluble m a laiger quantity of 
ammonia. Those palladious salts which aie insoluble m water, are likewise 
soluble in ammonia. (Fischer.) Carbonate of ammonia behaves like pure 
ammonia (H Hose, Analyt Chem ) If the hydrochloiic solution docs not 
contain any free acid, a large quantity of ammonia is required to dissolve 
the precipitate (Fischer) Potash or soda thiows down a yellowish 
brown, gelatinous, basic salt, which ledissolves in an excess of the alkali, 
forming a brown solution, according to Fischer, but colourless, accoulmg 
to Berzelius. Carbonate of potash or soda, and likewise baryta, stiontia, 
and lime-water, behave in a similar manner. (Fiscliei ) The solution 
in excess of carbonate of potash becomes dark when boiled, and afterwards 
yields a brown precipitate: excess of carbonate of soda dissolves but little 
of it. (H. Rose.) IT In a more recent memoir (Fogg. 71, 431), Fischer 
states that potash or soda added to a solution of palladious nitrate, 
either neutral or acid, throws down a brown basic salt, insoluble in 
excess of the alkali. By boiling with excess of alkali, the whole of 
the acid is removed, and hydrated palladious oxide separated. In 
a cold solution of palladious nitrate containing excess of acid, potash 
produces no precipitate at first, hut after a while, the same precipitate 
appears. Alkaline carbonates form no precipitate m either of these 
solutions at ordinary temperatures; but on boiling the liquid, nearly all 
the palladium is thrown down in the form of brown basic carbonate of 
palladious oxide. A solution of palladious sulphate behaves in the same 
manner, both with caustic alkalis and their carbonates. The chloride 
likewise exhibits the same character with alkaline caibonates; but caustic 
alkalis produce a precipitate, which, on the application of heat, dissolves 
in excess of the alkali, forming a light brown solution. Ammonia, 
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whether caustic or carbonated;, behaves in a totally different manner. In 
a solutionof the nitrate, it produces a brown precipitate insoluble in excess, 
a considerable portion of the palladium, however, remaining dissolved, and 
forming a colourless solution. The sulphate, if neutral, is precipitated by 
ammonia, and the precipitate is easily soluble in excess. In a solution of 
the protochlonde, excess of ammonia first produces a brown precipitate, 
which, on the addition of more ammonia, diminishes in quantity, and 
becomes peach-blossom coloured, a still larger quantity dissolves the pre¬ 
cipitate, the solution taking place with facility on the application of 
heat IT 

Phosphate and arsemate of soda form light-yellow precipitates with 
palladious salts. (Berzelius ) IT According to Fischer, phosphate of soda 
added to a solution of protochloride of palladium, produces, after a while, a 
brown precipitate of basic chloride, arseniate of soda gives no precipitate. I 

Alkaline oxalates quickly throw down the palladium m the form of a 
yellow, fibious oxalate; oxalic acid produces a similar effect in perfectly 
neutral solutions, but at the same time exerts a reducing action, so that 
after a while a metallic film is formed. (Fischer) Alkaline tartrates and 
citrates form light yellow precipitates m the neutral solution of the nitrate 
(Berzelius.) Cyanide of potassium or cyanide of mercury forms a 
yellowish white, gelatinous precipitate of cyanide of palladium, which 
becomes white after standing for some time, and is soluble in hydrochloric 
acid. (Wollaston ) Feirocyamde and feiricyanide of potassium produce 
no precipitate at first, but after some time form a thick jelly (H. Rose ) 
The former salt produces a yellowish brown precipitate (Fischer), the 
latter a led-brown. (Smee ) Gallic acid produces no effect. (Fischei.) 


B. Bioxide of Palladium, or Palladio Oxide. PdO s . 

Prepared by gradually pouring an aqueous solution of caustic or car¬ 
bonated potash or soda on dry chloropalladiate of potassium, heating the 
mixture to the boiling point, and thoroughly washing the precipitated 
oxide. 

Black.—Gives off its oxygen quietly at a red heat (Berzelius.) 

Calculation , according to Beizelms. 

Pd 53 3 76 92 

20 16 0 23*08 

PdO- 60 3 100 00 

(PdO 2 = 665 899 + 200 = 865 899. Berzelius ) 

When heated, it gives off oxygen, and is reduced to the protoxide. 
(Berzelius.) 

Combinations . a . With Water.— Hydrate of Palladio Oxide.— 
Chloropalladiate of potassium dissolves almost completely in cold aqueous 
caustic potash or soda, or their carbonates, forming a dark yellowish brown 
solution. This solution, when left to itself, becomes gelatinous, fiom 
separation of the greater part of the hydrated oxide, part of the oxide, 
however, remains dissolved, and imparts a yellow coloui to the liquid. 
The dark yellowish brown hydrate, when washed with boiling water, 
turns black, and gives off part of its combined water, but the adhering 
potash is not quite removed by the washing. The hydrate, when heated, 
gives off water together with its second atom of oxygen, and with such 
violence, that it is thrown out of tho retoit. (Berzelius ) 



346 


PALLADIUM* 


5. With Acids, forming the Salts of Palladio Oxide, or Palladio 
Salts. —The hydrate, even when moist, dissolves hut slowly in acids, 
forming a yellow solution • it dissolves without decomposition m concen¬ 
trated hydrochloric acid, leaving, however, a residuo of chloropalladiate 
of potassium, formed fiom the adhering potash; on the other hand, it gives 
off chlorine when treated with dilute hydrochloiic acid. Hydrosulphuric 
acid reduces aqueous bichloride of palladium to protoclilonde, with pie- 
cipitation of sulphur. 

Nitrate of palladious oxide placed in the voltaic circuit, yields, at the positive pole, 
a peroxide of the metal, resembling peroxide of silver (Fischer, Kastn. Arch. 16, 218 ) 


Palladium and Carbon. 

Carbide of Palladium. — a. Palladium fused in a crucible filled with 
lamp-black, becomes so brittle, that if struck with a hammer while red 
hot, it falls to powder, and gives off a white fume. (Breant ) 

h. Palladium-foil, held over the flame of a spirit-lamp—which deposits 
no soot on any other metal—becomes covered, m the inner part of the 
flame, where the heat does not rise above redness, with a black powder, 
which, when removed from the foil and burnt, leaves the palladium in the 
form of a grey powder. A piece of red-hot spongy palladium laid on the 
wick of a spirit-lamp just blown out, continues to glow (and produce acetic 
acid) as long as any alcohol remains, expanding at the same tune to many 
times its original bulk, and throwing out cauliflower-like excrescences. 
This mass, when removed from the wick, burns m the air, and leaves a 
skeleton of palladium of the same form as the spongy palladium employed, 
hut of ten times the bulk. A similar carboniferous palladium is formed 
by placing on the recently extinguished wick of the spu it-lamp a piece of 
palladium-foil pieviously ignited, whereupon the palladium continues to 
glow, as does also the carbonaceous mass formed upon it, and after the 
latter has burned away, tbero lemams a skeleton of palladium, and under 
it the conoded foil. (Wohler, Pogg 8 , 71), comp II B. Miller (Ann. Phil. 
28, 20), who attiibntcd this appearance to the formation of a peculiar oxide 
of palladium. 


Palladium and Phosphorus. 

A Palladium may be made to combine with phosphorus. 

B. Neutral nitrate of palladious oxide forms a light yellow precipitate 
with alkaline phosphates. (Berzelius.) Aqueous phosphoric acid, boiled 
for a long time with palladium, deposits a shining metallic film as it cools, 
it must therefore have dissolved a portion of the metal, which, as the 
liquid cools, is again reduced by the resulting phosphorous acid. 
(Fischer.) 


Palladium and Sulphur. 

A. Sulphide of Palladium. —1 . The metal, when heated with 
sulphur, combines with it, and exhibits incandescence. (Berzelius.)— 
2 The sulphide is also formed by heating ammonio-protochloride of 
palladium with sulphur. (Vauquelm.)—3. By precipitating a palladious 
salt with sulphuretted hydrogen, washing the precipitate quickly on the 
filter with boiling water, and drying it m vacuo over oil of vitriol. 
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(Fellenberg, Fogg. 50, 65 ) By (1) and (2): Bluish white, with metallic 
lustre, very hard; fracture shining and laminated; fuses at the melting 
point of silver. (Vauquelm). By (3)-black-brown. 

Fellenberg Berzelius. Vauquelin 

Pd 53 3 76 91 . 7 5 65 78 . . 80 6 

_S_ 16 0 . 23 09 24 35 22 19 4 

PdS 69*3 100 00 100 00 100 100 0 

When heated to redness in the air, it is very slowly converted into 
basic sulphate of palladious oxide (Berzelius), and at a higher temperature 
is reduced to pure palladium. (Berzelius, Vauquelm.) When heated in 
a current of chlorine-gas, it yields chloride of sulphur, which distils over, 
and protochloride of palladium, part of which sublimes, and forms a rose- 
coloured sublimate, while the rest remains behind in the form of garnet- 
coloured, crystalline globules. 100 parts of sulphide of palladium yield 
127*6 parts of chloride. (Fellenberg.) 

B. Sulphate op Palladious Oxide, or Palladious Sulphate.— 
a. Basic .—Formed by gently igniting the sulphide in contact with air. 
Brown-red, reducible at a strong heat, easily soluble in hydrochloric acid. 
(Berzelius.) 

b. Monosulphate .— 1 By boiling palladious nitrate with sulphuric 
acid Red, soluble m water. (Berzelius.) Oil of vitriol does not act on 
palladium m the cold, hut when heated, dissolves it, with evolution of sul¬ 
phurous acid, and forms a yellowish red solution, which, if saturated, 
deposits the neutral salt, as it cools, in the form of a led powder, this 
powder dissolves with tolerable facility m watez, forming a yellow solution. 
(Fischer.) IT The coherent hammered metal is not attacked by sulphuric 
acid; but spongy or pulverulent palladium dissolves in it when heated, 
forming a brown solution, and if the heat be continued, the salt separates 
in the form of a brown powder. But the neutral sulphate cannot be 
obtained in this manner, because the heat required to drive off the excess 
of acid produces decomposition. (Fischer, Fogg. 81, 431.) V 


Palladium and Selenium 

Selenide of Palladium. —Combination between these substance® 
takes place easily, and is attended with evolution of heat. The compound 
is grey and infusible, gives off selenium before the blowpipe, and yields 
a selemferous, greyish white, buttle, crystalline metallic button. 
(Berzelius.) 


Palladium and Iodine. 

A. Iodide op Palladium. —Palladium-foil turns black when an 
alcoholic solution of iodine is evaporated to dryness upon it: this reaction 
distinguishes palladium from platinum, which xemains bright when thus 
treated. (Berzelius.) Similarly, palladium-foil heated in iodine vapour 
becomes covered with coloured films, and afterwards turns brown, the 
application of heat or treatment with ammonia restores its brightness. 
Iodine heated in a glass tube with finely divided palladium, combines but 
imperfectly with it; and again, when palladium-foil is boiled with iodine 
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and water, or with hydriodic acid and nitric acid, part of it remains 
unaltered. (Lassaigne.) 

Iodide of palladium is obtained in the form of a hlaclc, tasteless, and 
inodorous mass, by precipitating a palladious salt with iodide of potassium, 
washing with boiling water, and drying the black gelatinous flakes for 
24 houis in vacuo. (Lassaigne, J. Chvni. med. 11, 57 ) 

Lassaigne. 

Pd 53 3 29 73 29 72 

I 126 0 70 27 70 28 

PdT 179 3 100 00 100 00 

Iodide of palladium gives off its iodine between 300° and 360°. 
Boiling potash decomposes it, with separation of a black powder consisting 
of palladious oxide. It is insoluble in water, alcohol, ether, and aqueous 
hydriodic acid (thereby distinguished from platinum). (Lassaigne ) 

Hydrated Iodide of Palladium ,—The precipitate formed by iodide of 
potassium m palladious salts, if ineiely dried m the air, instead of being 
desiccated for a long time m vacuo, shnnks up to a black friable mass 
having a smooth, conchoidal fracture, and retains 5 05 p c. (1 At.) o 
water. (Lassaigne.) 

B. Iodate of Palladious Oxide —Iodic acid forms with aqueous 
protochlonde of palladium, a scanty yellowish precipitate; lodate of potash, 
a more copious one. (Pleischl) 

Palladium and Bromine. 

A. Bromide of Palladium.— Palladium dissolved in a mixture of 
hydrobromic and nitric acid yields, on evaporation, a chestnut-brown mass, 
insoluble m water, but soluble m aqueous hydrobiomic acid. Bromide 
of palladium forms dark brown salts with basic metallic bromides. 
(Bonsdorff, Fogg 19, 347 ) 

B. Bromate of Palladious Oxide. —Hydrated palladious oxido 
dissolves but veiy sparingly m aqueous biomie acid. 


Palladium and Chlorine 

A. Protochloride of Palladium, or Palladious Chloride.— 
1. Formed by evaporating to diyness the solution of palladium in aqua* 
regia, and de-hydratmg the residue by a gentle beat. (Berzelius )—2 By 
heating sulphide of palladium m a stream of chlorine gas. (Fellenberg, 
p. 347.) When prepared by (1), it is black-brown, and fuses without 
decomposition when gently heated in a glass vessel. When fused in a 
platinum vessel, it acquires a bluish green colour, by taking up proto¬ 
chloride of platinum. (Berzelius.) The second process yields a rose- 
coloured sublimate, together with a non-sublimed, garnet-coloured, 
crystalline mass. (Fellenberg ) IT By evaporating the hydrochloric acid 
solution over quick lime, the chloride is obtained in red-biown, prismatic 
crystals, which, if free from nitric acid, remain perfectly dry. (Fischer ) 

Fellenbeig. 

Pd . 53 3 60 09 60 2 

Cl 35 4 39 91 . 39 8 


PdCl 


88 7 ., 100-00 . 100-0 



BICHLORIDE OF PALLADIUM. 


349 


When strongly heated, it is resolved into chlorine gas and metallic 
palladium. (Berzelius) Heated in a current of hydrogen, it is easily 
decomposed, yielding palladium and hydrochloric acid. (Fellenberg) 
With basic metallic chlorides, it forms brown chlorine-salts, easily soluble 
both m water and in alcohol. 

Aqueous Protochloride of Palladium , or HydrocJilorate of Palladious 
Oxide . —1 . Protochloride of palladium piepared by (2) dissolves slowly 
but completely in water, forming a deep yellowish-red liquid. (Fellen¬ 
berg.)—2. Palladium dissolves giadually in hydrochloric acid, if the air 
has access to it (Fischer)—IT Even the hammered metal dissolves 
quickly in hydrochloric acid, if chlorine gas be likewise passed into the 
liquid; if nitric acid be added, nitrate is formed as well as chloride. 
(Fischer) %—3 When palladium is dissolved in aqua-regia and the 
excess of acid expelled by evaporation, there remains a brownish yellow 
crystalline mass, slightly soluble m water (Vauquelm ) The aqueous 
solution is yellow; if, however, it contains excess of hydrochloric acid, 
which greatly increases the solubility of the chloride, it is brown-red 
(Vauquelin), according to Fischer, the neutral solution is yellowish brown. 
The solution mixed with caustic potash, or carbonate of potash, yields red 
flakes, but remains coloured till the whole is precipitated by heat. 
(Vauquelm.) Lime-water m the dark precipitates it but partially, and 
the filtrate, when exposed to sunshine, still gives a precipitate, which 
appears to be composed in a similar manner to the platinum precipitate. 
(Fr. Dobereiner, Ann Pharm. 14, 253 ) Alcohol throws down from the 
solution a black, pulverulent, basic salt [the metal 2], while the acid salt 
remains dissolved, and imparts a brown colour to the liquid. (Fischer.) 

B Palladious Oxychloride, or Basic Hydrochlorate of Pal¬ 
ladious Oxide —When the aqueous solution of protochlonde of palladium 
is repeatedly evapoiated to dryness, part of the hydrochloric acid escapes, 
and a basic salt is left m the form of a dark rose-coloured powder, 
insoluble m water. (Berzelius.) When a solution of palladium in aqua- 
regia is evaporated to dryness at a gentle heat, water dissolves but a small 
portion of the residue, and the yellow filtrate soon becomes turbid, and 
deposits the whole of the palladium in the form of a brown basic salt. 
(Fischer.) 

C. Bichloride of Palladium, or Palladic Chloride. —Known 
only in combination with water or with basic metallic chlorides. When 
protochlonde of palladium is dissolved m concentrated aqua-regia, and 
the liquid gently heated, a black-brown solution is obtained, which, when 
mixed with chloride of potassium, fonns a red precipitate of chloio- 
palladiate of potassium, while chloropalladite of potassium remains m 
solution. The solution of palladium m strong aqua-regia contains protoxide 
for the most part, but a small quantity ot the bioxide is likewise present 
in it, so that on the addition of chlonde of potassium, a precipitate of 
ehloropalladiate of potassium is obtained The bichloiide may also be 
obtained m solution by dissolving tlie hydrated bioxide m concentrated 
hydrochloric acid. The potash in the hydiated oxide gives rise to the 
formation of ehloropalladiate of potassium, which remains undissolvcd. 
Brown liquid, which gradually gives off chlorine, especially on dilution 
or evaporation, and is thereby converted into hydrochlorate of palladious 
oxide. (Berzelius.) 
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Palladium and Nitrogen. 

A. Nitrate op Palladious Oxide, or Palladious Nitrate.-*- 
Palladium dissolves les3 quickly in pure nitric acid tlian in that which is 
mixed with nitrous acid. (Wollaston.) Nitric acid acts slowly m the 
cold, and becomes charged with nitrous acid, without giving off nitric 
oxide; when heated, it acts more quickly, and gives off nitric oxide, but a 
large quantity of nitric acid is required to dissolve the metal (Fischer ) 
The dark brown solution dries up to a brown-red mass. (Wollaston.) 
This, when ignited, leaves palladious oxide (Berzelius.) The salt obtained 
by evaporating the solution to dryness forms with water a dark brown 
solution, which is sometimes turbid from the first, sometimes becomes so 
after a short time, and gradually deposits nearly all the palladium in the 
form of a brown basic salt. Alcohol added to this solution likewise 
throws down a black powder. (Fischer ) 

B. Ammonio-protiodide op Palladium — a With 2 At Ammonia .— 
1. Tlie solution of h (NH 3 ,PdI) m hot concentrated ammonia, if evaporated 
in an atmosphere of ammoniacal gas, or with constant addition of ammonia, 
yields white crystals.—2. The same substance is formed by saturating with 
ammonia either tlie compound 6, or iodide of palladium; 179 3 parts (1 At ) 
of the latter take up 34 8 (2 At ) of ammonia, turning white at the same 
time. The crystals, when exposed to the air, quickly give off water and 
turn yellowish, even in close vessels, they become yellowish-red in the 
course of six months. (Fehling ) 



Crystallized 

Eehlmg. 

2N 
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OH 
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I 
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2NH J ,PdI 

213 3 
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b With 1 At Ammonia —The colourless solution of iodide of palladium 
in ammonia deposits orange-yellow crystals when exposed to tlie air. 
Acids, which saturate the excess of ammonia., thiow down an orange- 
yellow powder having the same composition (Lassaigne, J Ohim . mtd. 
11, 62 ) Protiodide of palladium dissolves easily and with rise of tem¬ 
perature, even m dilute ammonia, leaving only a fow flakes. The pale 
yellow solution, mixed with hydrochloric or any other acid, suddenly 
becomes dark-coloured, and deposits a reddish yellow powder, which, after 
being quickly washed, must be pressed between blotting paper frequently 
renewed, and then dried in vacuo over warm sand. The compound 
resembles chloroplatmate of ammonium contaminated with cliloriridiate of 
ammonium. It is permanent in the dry state, but, when moist, is rapidly 
transformed into a red crystalline mass, having the same composition. 
This conversion often begins even during washing, or while the compound 
is undergoing desiccation either in vacuo or by heat—unless it has been 
previously pressed between paper—and is completed in a few days. The 
reddish yellow compound is likewise converted into the red crystalline 
modification by continued boiling with water, or by a trace of ammonia 
going off at the same time, and the water, when evaporated, deposits a 
reddish substance. Boiling nitric acid dissolves the reddish yellow com¬ 
pound with evolution of iodine, and converts it into palladious nitrate. 
(Fehling, Ann* Fliarm . 39, 116.) 
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N . .. 
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C. Ammonio-protochloride of Palladium —a . With 2 At. Am¬ 
monia — a. Anhydrous. —100 parts of the yellow compound C, ft ft absorb 
from 15 57 to 16 73 parts of dry gaseous ammonia, (Fehlmg.) 

ft Hydrated .—1. 100 parts of the yellow compound C, ft ft quickly 
absorb from 24 15 to 24 71 parts (1 At) of moist ammoniacal-gas, the 
colour changing to white., and the absorption being complete in 24 hours. 
The red compound C, ft a, absorbs moist ammonia very slowly, but does 
not take up quite 1 At. of it, even in several weeks, its colour also 
changes only to dirty white.—2 The solution of either the yellow or the 
red compound in aqueous ammonia, if evaporated with frequent addition 
of ammonia, yields white crystals, likewise consisting of 2NH 3 ,PdCl,HO. 
The white compound heated to 120° gives off 1 At. ammonia and 1 At 
water. The crystals are easily soluble m water, and acids added to the 
solution throw down, after a few minutes, remarkably fine crystals of the 
yellow compound C, ft ft (Fehling.) 

a. Anhydrous. ft Hydrated. Fehling. 
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h With l At. Ammonia .— a. Bed. —Discovered by Vauquelm.— 
1. Obtained in the course of Vauquelm’s treatment of platinum ore 
(p. 257, No. 14).—2. A moderately concentrated solution of protochloride 
of palladium forms the same red precipitate with a slight excess of 
ammonia. (Vauquelin, Fehling.)—Soft, rose-coloured scales (Vauquelm.) 
When heated to 100° m the moist state, it is for the most part converted 
into the following yellow compound £; m the dry state, on the contrary, 
it retains its colour at 180°, but at 200°, turns yellow, without loss of 
weight, assuming, however, a paler colour than it does when water is pre¬ 
sent. (Fehling.) At a higher temperature, it fuses, giving off sal- 
ammoniac and chlorine [or perhaps hydrochloric acid and nitrogen gas], 
and leaves from 40 to 42 per cent of metal. (Vauquelm ) Insoluble in 
cold water. (Fischer, Fehling) Dissolves m boiling water, undergoing 
decomposition, and leaving a small brown residue. This residue contains 
64T8 per cent, of palladium and 14*85 per cent, of chlorine, if the 
deficient 20 97 per cent be reckoned as ammonia, tbe residue must be 
supposed to consist of Pd 3 Cl,3NH 3 , but the analysis was made with too 
small a quantity to render it worthy of much reliance. The aqueous 
decoction, on coolmg, deposits the following yellow compound—which 
may likewise be precipitated by hydrochloric or nitric acid—and retains 
sal-ammoniac in solution. (Fehling.) It dissolves in water containing 
hydrochloric acid, slowly m the cold, quickly when heated, and forms a 
solution of chloropalladiate of ammonium. (Vauquelin ) It dissolves 
easily in rather concentrated hydrochloric or nitric acid, forming a brown 
solution (Fischer.) From the nitric acid solution, ammonia re-precipitates 
the red crystals; and the nitric acid solution, when evaporated to dryness, 
leaves a brown red residue, easily soluble in water, and probably consisting 
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of a mixture of palladious nitrate and ammoniacal salt. (Feliling.) It 
dissolves m ammonia only after continued boilings acids added to tlio 
solution throw down the yellow compound (Fischer, Feliling, Ann, 
JPharm. 39, 110.) 

/3. Yellow —First obtained by Fischer.—1. Formed by supersaturating 
aqueous protochloride of palladium with a quantity of ammonia sufficient 
to redissolve the precipitate, and evaporating—or, bettei, by treating tlio 
solution with a sufficient quantity of hydrochloric acid to precipitate the 
compound The same tieatment may likewise be adopted with the 
solution of the red compound or of chloi opalladite of ammonium. (Fischer.) 
Berzelius likewise supersaturates the aqueous solution of protochloride of 
palladium with ammonia, and evaporates the solution, which is yellow at 
hist, but afterwards becomes colourless, to dryness; on digesting the 
residue m water, the yellow compound remains undissolvcd When the 
red compound is prepared by (2), and the liquid filtered from it is mixed 
with hydrochloric or nitric acid, a piccipitate of the yellow compound is 
likewise formed. (Feliling )—2 The led compound is converted into the 
yellow by heat (Feliling, p. 351), also by olution m ammonia and re-pie- 
cipitation by hydrochloric acid (Fischer ) 

Yellow powder, consisting of line needles (Fischer), yellow crystalline 
(Fehlmg), light lemon-yellow ciystallme powder (Lampadius); yellowish 
green (Berzelius). 

When heated in a retort, it first gives off ammonia, then hydrochloric 
acid and nitrogen gas, and, finally, sal-ammoniac, while 50 per cent of 
palladium remains behind. (Berzelius ) The salt, when thus treated, first 
turns green, and then yields grey metallic palladium. (Lampadius.) 
Insoluble m water, sparingly soluble m hydrochloric or nitric acid, and 
only when heated; dissolves easily in cold ammonia (Fischer, Schw. 
51, 201.) On boiling the compound with water, and then leaving it to 
cool for several hours till its temperature falls to 1 6°, one part of it remains 
dissolved in 382 parts of water. (Lampadius ) Dissolves m nitric acid, 
and forms a brown solution, which behaves like the nitric acid solution of 
the red compound. Dissolves m ammonia much moie easily than the led 
compound, and is again piecipitated yellow by acids (Fehlmg ) 
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D. Chloropalladite op Ammonium —First obtained by Wollaston. 
—1. A solution of palladious oxide in hydrochloric acid is mixed with sal- 
ammoniac, and evaporated to the crystallizing point (Wollaston.) The 
solution must contain an excess of acid, otherwise, nothing but a mixturo 
of sal-ammoniac and chloride of palladium will be obtained (Fischer.)— 
2. T he red variety of ammomo-protochlonde of palladium is dissolved in 
hydrochloiie acid, and the liquid evaporated. (Fischer.) The wasli-water 
of the ammonio-protochloride of palladium obtained by the process 
described m No. 14, p. 257, often yields these crystals on evaporation. 
(Vauquelra ) Yellowish green, four-sided, and, according to Yauquelm, 
six-sided prisms and needles, exhibiting a peculiar play of colours, 
(Wollaston.) Dissolves easily m water, forming a dark red, or, according 
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to Fischer, a yellowish brown solution. Insoluble in strong alcohol 
(Wollaston, A. Geld . 5, 186), but slightly soluble in that which contains 
water. (Fischer.) 

E Chloropalladiate op Ammonium —Formed by mixing the 
solution of palladium in aqua-regia with sal-ammoniac, and evaporating 
at a gentle heat. The substance which remains is similar to the cor¬ 
responding potassium compound, and like that substance, sparingly soluble 
in water ‘ (Berzelius ) 

F. Nitrate of Palladious Oxide and Ammonia. —When palladious 
nitrate is evapoiated to diyness, and the residue boiled with excess of 
ammonia, the basic compound a separates out, while the neutral compound 
h remains in solution. 

a. Daik brown powder, exhibiting the metallic lustie Dissolves 
easily m hydrochloric acid, and leaves crystals of ammomo-protochloride 
of palladium on evapoiation. Dissolves in hot, but not m cold nitric acid. 
Insoluble m water, and also in ammonia, even at a boiling heat. (Fischer.) 

5. May also be obtained by adding ammonia to an acid solution of 
palladious nitrate, till the precipitate is redissolved, and evapoiating the 
greenish brown solution (colourless, according to Berzelius) to the 
crystallizing point Crystals of nitiate of ammonia mix with the product, 
their quantity being larger m proportion to the excess of acid in the 
original solution; hut they are easily separated, m consequence of their 
deliquescence and easy solubility in water. Transparent and colourless, 
shining, four-sided prisms and laminae. (Fischer ) When the solution is 
evaporated to dryness, the compound remains in peaily scales. (Berzelius.) 
When heated, it fuses and detonates slightly, with emission of light. 
Decomposed by hydrochloric acid, which soon separates from it the yellow 
ammonio-protochloride of palladium (p. 351). Easily soluble in water. 
With nitric acid it forms a clear yellow solution. Dissolves easily in 
ammonia, forming a colourless solution. Insoluble in alcohol. (Fischer.) 


Palladium and Potassium. 

A. Sulphate of Palladious Oxide and Potash. —Palladium, like 
rhodium, dissolves m fused bisulphate of potash. (Berzelius ) 

B. Iodopalladite of Potassium —The wme-ied solution of prot- 
iodide of palladium in aqueous iodide of potassium, yields, on evaporation, 
blackish grey, deliquescent cubes. (Lassaigne, */. Chun, med 11, 61 ) 

C. Bromopalladite of Potassium —The mixed solution of proto¬ 
bromide of palladium and bromide ot potassium, yields, on evaporation, 
dark brown needles, which aie permanent in the air, and form a dark 
brown solution m water. (BonsdorfF, Fogg 19, 347.) 

D. Chloropalladite of Potassium. — 1 Formed by dissolving 
palladium in hydrochloric acid mixed with nitre. (Wollaston.)—2. By 
mixing a solution of palladium in aqua-regia, freed by evaporation from 
excess of acid, with chloride of potassium. If the solutions are strong, the 
salt is immediately precipitated in golden-yellow needles; if they are more 
dilute, it crystallizes on evaporation. (Berzelius.) Four-sided prisms, 
which appear red when viewed by light transmitted along the axis* but 
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light-green in all other duections (Wollaston.) Their crystalline form 
is the same as that of the eoncsponding platinum salt (p 322). The 
prisms are greenish brown, and exhibit no appearance of diohroism. 
When heated, they fuse, with some loss of chlorine, and on cooling, 
solidify m crystals, having tlio same form and colour, but leaving a certain 
quantity of palladium when dissolved m water. They cannot bo com¬ 
pletely separated from mechanically adhenng water by heat, because a 
portion of the hydrochloric acid goes off with the water, and palladious 
oxide is consequently set fice (Beizclius ) When the compound is heated 
to redness, the palladium remains, in scales united in spongy masses, 
together with chloride of potassium. (Biowcnd.) Sulphmous acid or 
alcohol reduces the palladium at a boiling heat (Beizclius.) The colour¬ 
less solution of the salt m ammonia yields, on evaporation, colourless 
needles, mixed with a yellow powder, into which also the entne mass 
is conveited when evaporated by heat. This yellow powder, in addition 
to ammonia and chlorine, contains 5? 5 per cent of palladium 
(Berzelius ) The salt dissolves easily, and with a daik xed colour, m 
water, hut not in alcohol (Wollaston ) It dissolves oven m spirit oi 
sp gr 0 84, but very sparingly m absolute alcohol, by winch indeed it is 
precipitated from a solution saturated while hot, m golden-yellow shining 
laminae From the solution m hydrated alcohol the metal is precipitated 
on boiling (Berzelius ) 
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According to Thomson, it contains 26*4 potash, 35 2 palladious oxide, 
35*63 hydrochloric acid, and 2*79 water. 

E Ciiloropalladiate op Potassium. —When a solution of chloro- 
palladite of potassium in aqua-regia is evaporated, nitric oxide is given 
off, and this compound separates m small legular octohedrons, which are 
vermilion-coloured when very small, hut brown-red when somewhat 
larger Chloropalladiato of potassium, when heated, fuses, gives off 
chlorine, and is converted into chloropulladito of potassium Aqueous 
ammonia decomposes it, with evolution of nitrogen, and likewise converts 
it into ehloropalladitc of potassium. When boiled with alcohol, which 
has no action upon it m the cold, it is decomposed, with evolution of 
ethereal vapours When boiled with water, it gives off chlorine, and 
deposits hydrated palladia oxide, the liquid letammg free hydrochloric 
acid; by longer boiling, it is completely reduced to ehloropalladitc of 
potassium. In a stoppered bottle, however, it dissolves in boiling water, 
foimmg a dark-coloured solution, from winch it separates out on cooling, 
the separation being attended with partial decolonisation of the liquid, 
winch still retains chloropalladite of potassium and free chlorine. In cold 
water, it dissolves with difficulty, forming a yellow solution, which contains 
a small portion of undecomposed salt, but mainly consists of cbloropalladite 
of potassmm and free chlorine The cliloropalladiate dissolves without 
decomposition in dilute hydrochloric acid, and is left unaltered when the 
liquid is evaporated. It is insoluble in watex containing sal-ammoniac, 
chloride of potassium, or common salt, and likewise in alcohol. (Bcizclius ) 

F. Fltjopalladite of Potassium.—P recipitated on mixing palladious 
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nitrate with fluoride of potassium. Light yellow, sparingly soluble in 
water. (Berzelius ) 

IT G. Njtjiitb op Palladiouk Oxide and Potash -Formed by 
adding nitrite ol potash to a solution of protochloride ot palladium, till the 
brown colour changes to yellow, and evaporating the liquid to dryness. 
Forms yellow prismatic ciystals (Fischer ) 11 


Palladium and Sodium. 

A. Chloropalladite op Sodium. —Bed, deliquescent, soluble in 
alcohol. (Wollaston.) 

B Fluopalladite op Sodium. —Similar to the potassium-salt. 

C Nitrite op Palladiouk Oxide and Sod a. —Fibrous salt, 
obtained in a similar manner to the corresponding potassium-compound. 
(Fischer.) % 


Palladium and Barium. 

A. Alloy op Palladium and Barium — -The two metals unite before 
the oxy-hydrogen blowpipe Silver-white, becomes covered with oxide 
m the course ol 21 horns. (Clarke, GUb 0*2, 373) 

B Buomopalladite op Barium —Dark biown needles, permanent 
in the an, and forming a dark biown solution in water. (BonsdoHf.) 

C. C11 fjOR opalladtte op Barium.— A solution of palladium in aqua- 
regia js mixed with chloride of barium and evaporated to dryness, to drive 
oil the excess of acid—the residue dissolved in water—and the solution 
left'to evaporate under a bell-jar, m a vessel standing over oil of vitriol. 
Brown, eflloresced radiating, crystals and dendntes, easily soluble both in 
water and in alcohol. (BonsdorlT.) 

Palladium and Calcium. 

A . Palladdc of Um <>—l fydroehlorato of palladious oxide saturated 
with limo-wator, and Altered in the dark, yields, on exposure to sunshine, 
a precipitate containing lime, (Fr. Weiss & Fr. Doboroirior.) 

B. Culor,()i>alladite of Calcium.— Light brown, deliquescent prisms, 
soluble in alcohol, (Bonsdorif.) 


Palladium and Magnesium. 

Chloropalladite op M AGNEsiUM.- —Browti needles, which deliquesce 
in rather damp air, and are soluble in alcohob ^Bousdorfl*.) 
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Palladium and Manganese 

A. Bromopalladite of Manganese —Dark brown needles, per¬ 
manent in the air, and farming with water a solution of the same colour. 
(Bonsdorff ) 

B. Chloropalladite of Manganese — Brown-black cubes, per¬ 
manent m the air, or rbombohedrons, nearly approaching to the cubical 
form, soluble m water and alcohol. (Bonsdorff) 


Palladium and Arsenic. 

A. Arsenide of Palladium, —Combination between these metals is 
attended with evolution of heat (Fiscber) The alloy is brittle and 
fusible (Chenevix) 

B. Arseniate of Palladxous Oxide —Neutral nitrate of palladious 
oxide forms a light yellow precipitate with alkaline arseniates. (^Berzelius ) 


Palladium and Antimony. 

Antimonide of Palladium —These two metals form a brittle alloy, 
tbe combination being attended with evolution of light and beat. 
(Fischer.) 


Palladium and Bismuth. 

Alloy. —Formed of equal portions of the two metals. Grey, brittle, 
nearly as bard as steel, sp. gr. 12 587 (Chenevix.) 


Palladium and Zinc 

A. Alloy. —These two metals form a brittle alloy, tbe combination 
being attended with evolution of light and heat. (Fischer ) 

B. Bromopalladite of Zinc. —Dark brown compound, which forms 
with water a solution of the same colour. (Bonsdorff) 

C. Chloropalladite of Zinc. —Very deliquescent needles, of a 
chestnut-brown colour, and united in radiated masses. (Bonsdorff.) 


Palladium and Cadmium. 

Chloropalladite of Cadmium.—L ight brown, delicate needles, per¬ 
manent in the air. 


Palladium and Tin. 

Alloy.—C ombination takes place with evolution of light and beat. 
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(Fischer.) In equal parts: Greyish white, softer than bar-iron, very 
buttle, fracture fine-grained, sp. gr. 8 175. (Chenevix.) 

Palladium and Lead. 

Alloy. —Combination between these metals is attended with evolution 
of light and heat. (Fischer ) Grey, very hard and brittle, fracture fine¬ 
grained, sp. gr 12*0. (Chenevix ) 


Palladium and Ikon. 


A. Alloy.—B rittle. 

B. Carbide of Palladium and Iron. —1 part of palladium forms, 
with 100 parts of steel, an alloy which is well adapted foi cutting 
instruments requiring a peifectly smooth edge (Faiaday & Stodart.) 


Palladium and Nickel. 

A. Alloy —The two metals unite befoie the oxy-liydrogen blow¬ 
pipe. The alloy has a remarkably stiong lustre, and is very extensible. 
(Ciaike, Gilb . 62, 359 ) 

B. Chloropalladite of Nickel — Greenish brown rhombohedrons, 
oi perhaps veiy slightly inclined prisms, permanent in rather dry ail. 
(BonsdorfF.) 


Palladium and Copper. 

Alloy. —Combination takes place without evolution of light and heat. 
(Fischer.) 4 parts of copper with 1 part of palladium form a white, 
ductile alloy (Cock.) Equal paits of the two metals form a yellowish 
grey, brittle alloy, harder than bar-iron, and of specific gravity 10 392. 
(Chenevix.) Equal volumes of the two metals heated together before the 
oxy-hydrogen blowpipe form a pale-coloured ^lloy, winch takes a very 
high polish, is easily attacked by the file, and fuses with tolerable facility. 
(Clarke.) 


Palladium and Mercury. 

Amalgam of Palladium. —By decomposing the aqueous solution of 
a palladium-salt with excess of mercury, agitating the two together for a 
considerable time, a soft amalgam is obtained. (Wollaston.) If the 
palladium-salt is in excess, the amalgam takes the form of a grey powder, 
which contains 2 At. palladium to 1 At. mercury, and does not give up 
its mercury at a red heat, but only vdien heated to whiteness. (Berzelius ) 


Palladium and Silver. 

Alloy —Combination between these two metals is not attended with 
evolution of light and heat. (Fischer ) The alloy formed of equal weights 
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of the two is grey, harder than silver, softer than iron, and has a specific 
gravity of 11 29. (Chenevix ) 

Palladium and Gold. 

Alloy of Gold and Palladium. —The two metals combine without 
evolution of light and heat. (Fischer.)— a. 1 pt of palladium to 1 pt of 
gold * Grey, as hard as bar-iron, but less ductile than either of the com¬ 
ponent metals, fracture coarse-grained; sp gr. 11*079 (Chenevix)— 
b 1 pt. palladium to 4 pts. gold White, hard, ductile. (Cock.)— c . 1 pt. 
palladium to 6 pts gold: Nearly white (Wollaston) 

B. Alloy of Gold, Silver, and Palladium.— The Oro pudre 
(impure gold) from Porpez in South America consists of grains of gold, 
with numerous edges, and of an impure gold colour; they fuse before the 
blowpipe, without imparting any colour to borax, and are malleable after 
cooling. (Berzelius, Fogg. 35, 514.) 



Berzelius. 

A g 

4 17 

Pd 

9 S5 

An 

85 98 


100 00 

Palladium and 

Platinum. 


Alloy. —Equal weights of the two metals unite somewhat below the 
melting point of palladium, and form a grey alloy, having the hardness 
of bar-iron, and a specific gravity of 15 141; it is less ductile than the 
alloy of gold and palladium. (Chenevix.) 


Chapter. XLI. 

Rhodium. 


Besides the Memoirs cited on p. 252 . 

Wollaston. Phil. Trans 1804, 419; also GiTb. 5,175. 

Vauquelin. Ann . Chim . 88, 167; also Schw . 12, 265. 

Berzelius, Ann. Phil. 3, 252; also Schw. 22, 317. Fogg. 13. 437- 


History. Discovered by W T ollaston in 1804; examined principally by 
Berzelius. 

Sources . In the platinum ore of South America, Domingo, and the 
Ural (p. 254); in the Peruvian ore, according to Wollaston, it amounts 
to only ^ 
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Preparation. According to Wollaston (pp. 256, 257, No. 10); 
according to Vauquelra (p 257, as far as No. 16), accoidmg to Beizelius 
(pp 260, 26i, Nos 9 and 17, and p. 265, No. 17—20). 

Properties Specific gravity, somewhat above 11*00. (Wollaston ) 
According to Yauquelm, it is a grey powder, wlncli docs not fuse upon 
charcoal ignited in a stream of oxygen gas, but becomes somewhat 
coherent, silver-white, and brittle According to Faraday h Stodart 
(Ann. Chim. Pkys 21, 63) it fuses imperfectly m the forge-fixe 
According to Cloud, it fuses before the oxy-hydiogen blowpipe into a 
steel-grey, hard, buttle globule, having a density of 112. According to 
Claike (Ann Phil 17,424), ihodic oxide and chloride of ihodiuni ignited 
in the oxy-hydrogen blowpipe flame, yield a silver-coloured, perfectly 
malleable globule, combustion taking place at the same time, accompanied 
by a green light, and part of the metal volatilizing. In former tuals 
Clarke obtained only a partially malleable bead. 


Compounds of Rhodium. 

Rhodium and Oxygen. 

A. Protoxide of Rhodium, or Rhodious Oxide RO. 

Foimed by igniting the metal in contact with air Under these cir¬ 
cumstances, 100 parts of rhodium quickly increase, by conversion into 
piotoxide, to 115 3 parts, then slowly, if the ignition be continued, to 
11S07 paits, a black powder being formed, consisting of 3R0,R 2 0k 
(Berzelius) 

Black powder, which does not acquire the metallic lustre by pressure. 

R . 52 86 67 

O 8 13*33 

RO .. . 60 100 00 

(RO = 651 337 +100 = 751*387. Berzelius ) 

Reduced by very strong ignition, but oxidates again at a lower tem¬ 
perature When heated with sugar, it is reduced with slight detonation, 
but oxidates again, if quickly removed from the fire. (Berzelius ) 

B Rhodio&o-ehodic Oxide 

a 3R0,R 2 0 3 —The powder obtained by continued ignition of pul¬ 
verulent ihodmm in contact with the ail (Berzelius ) 

b. 2RO,R 2 Ok—By decomposing ^-chloride of rhodium with boiling 
potash, a gelatinous, yellowish brown-grey hydrate is obtained, which 
must be composed of 2RO,R 2 Q 3 , but contains likewise a small quantity of 
potash. It is but slightly altered by cold hydrochloric acid, which colours 
it yellow, but tbe same acid, at a boiling heat, turns it red, and converts it 
into sesquichlonde of rhodium, which dissolves, and protochlonde, which 
for the most part remains undissolved. The hydrate dissolves in excess 
of potash forming a yellow solution. 

c. 2R0,3R 2 0 3 ?—When a mixture of chlororhodiate of potassium and 
excess of carbonate of soda is heated not quite to redness, a gas is evolved 
containing 1 volume of oxygen and from 21 to 26 volumes of carbonic 
acid. (Berzelius.) Supposing now that the real propoition by volume of 
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the carbonic acid to the oxygen is 24 :1, the proportion in atoms will be 
12 1 (inasmuch as carbonic acid gas is monatomic, and oxygen bi-atomic), 
that is to say. 12 At. carbonic acid to 1 At oxygen Hence the reaction 
may perhaps be expressed by the following equation: 

4R 2 CP-r 12(Xa0,C0 2 ) = 12NaCl+2RQ, 3R 2 OV 12C0 2 +O. 

C. Sesquioxide of Rhodium, or Rhodic Oxide. R 2 0 3 . 

Metallic rhodium scarcely dissolves in any acid; aqua-regia dissolves 
it when alloyed with bismuth, lead, copper, or platinum (not when com¬ 
bined with gold or silver) (Wollaston) It likewise dissolves in fused 
hisulphate of potash (Berzelius), and m fused hydrate of phosphoric acid 
(Fischer). 

Preparation .—1. Pulverulent rhodium is ignited in a silver crucible 
with hydrate of potash and a small quantity of nitre, whereupon it takes 
fire, detonates slightly, and swells up to a dark brown mass of rhodiate of 
potash. This product, after cooling, is well washed with water, which 
extracts the greater part of the potash and nitre, and the undissolved 
portion is digested with hydrochloric acid, which, being acted upon by the 
residual nitric acid, gives off a certain portion of chlorine m this manner 
the hydrated oxide is obtained Continued washing with water may be 
substituted for the digestion with hydrochloric acid —2. The aqueous 
solution of chlororhodiate of potassium or sodium is mixed with excess of 
carbonate of potash or soda, and evaporated to dryness The mixture, 
which is clear at first, gradually becomes gelatinous, by separation of 
hydrated oxide, the change spreading throughout the whole mass The 
hydrate is washed upon a filter, and then dried and ignited. Sometimes 
a small portion of the oxide remains dissolved in the filtrate and imparts a 
greenish colour to it, and a small portion of alkali, not removable by 
water, remains attached both to the hydrated and to the anhydrous oxide. 
Hydrated rhodic oxide prepared by either of these processes retains its 
water with great obstinacy, and requires an hour's ignition to render it 
anhydrous, no oxygen is disengaged by the ignition (Beizelius.) 

This oxide is black. 


2R 

104 

81 23 

30 

24 

18 75 

R 2 0 3 

128 

100 00 


(R-O 3 = 2 . 651 387 + 300 = 1602 774 Berzelius ) 

The anhydrous oxide and its hydrate aie reduced by hydrogen gas, 
even at ordinary temperatures, the decomposition being accompanied by 
evolution of heat. 

Combinations. — a. With Water.— Hydrate of Rhodic Oxide.— 
The preparation has been already described in treating of the anhydrous 
oxide.—Greenish grey or brown. According to a foimer statement of 
Berzelins, the hydrate obtained by the first method is lesolved by heating 
with sulphuric acid into oxygen gas and sulphate of the piotoxide. 


2R 

104 . 

75*91 

BerzeLus. 
78 60 

30 

24 

17 52 

15 oh 

HO 

9 

6 57 

b 04 

R-O 3 , H O 

137 

100 0~G~~ 

100 00 


The hydrate examined by Berzelius retained a small quantity of metallic rhodium. 
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b With Acids, forming the Salts of Bhodic Oxide, or Exiodic? 
Salts. —These salts are not easily obtained from the metal, they may 
however be formed * 1 By fusing the metal with bisulphate of potash, 
sulphurous acid being then gradually evolved —2. By fusion with 
hydrated phosphoric acid —3 By dissolving an alloy of rhodium with 
bismuth, copper, lead, or platinum, in aqua-regia.—4. By passing chlorine 
gas over a heated mixture of rhodium and chloride of potassium or sodium, 
and dissolving the resulting chlorine-salt m water. The anhydrous oxide 
is not soluble in any acid, but dissolves in melted bisulphate of potash. 
The hydrate prepared by the first method is insoluble in acids, that 
obtained by the second dissolves in acids, in conjunction with the potash 
which adheres to it, producing, however, not a red but a yellow solution. 
(Berzelius.) The acid solutions of rhodic oxide have, for the most part, 
a bright rose colour, their taste is purely astringent Hydrogen gas 
passed over the anhydrous salts gently heated reduces the rhodium to the 
metallic state. (Berzelius ) The solutions treated with zinc, non, copper, 
and mercury, yield metallic rhodium in the form of a black powder, silver 
does not produce this effect. (Wollaston.) Tin or the aqueous solution 
of the protochloride yields with strong solutions a brownish yellow pre¬ 
cipitate ora brown solution, with more dilute solutions, it produces a pure 
yellow precipitate, and with still more dilute solutions (1 pt of lh odium 
to 1500 of liquid), meiely a yellow colouring. (Fischer, Schio. 53, 117.) 
Protochloride of tin darkens the solution, and, after a while, precipitates 
the oxide in a state in which it is soluble m acids. (Berzelius ) Green 
vitriol throws down from liydiochlorate of rhodic oxide and ammonia, a 
yellow powder, very easily soluble m hydrochloric acid, but exerts no 
further action (Fischer ) Hychosulphuric acid pioduces—only in warm 
solutions, according to Berzelius, and only after some time, according to 
H. Bose—a brown precipitate, soluble m hydrochloric acid, piovided the 
solution contains at least 1 part of rhodium m 2000 parts of liquid. 
(Fischer.) Hydrosulphate of ammonia, after long standing, or on the 
application of heat, throws down brown sulphide of rhodium (Descotils), 
insoluble m excess of the precipitant. (Berzelius ) Caustic ammonia, or 
carbonate of ammonia, produces, after a while, a lemon-yellow precipitate 
of rhodiate of ammonia, which dissolves in hydrochloric acid, and forms a 
yellow solution. (Berzelius.) Potash piecipitates, on evaporation, a 
yellowish brown jelly, consisting of hydrated rhodic oxide containing 
potash. A similar reaction is pioduced by carbonate of potash or soda. 
(Berzelius.) Lime-water added to hydrochlorate of rhodic oxide pro¬ 
duces, even in the dark, a pure red-biown precipitate of the hydrated 
oxide. (Fr. Weiss & Fr Doberemer, Ann JPJiarm. 14, 21, and 253 ) Iodide 
of potassium daikens the solution, and produces, after a while, a slight 
precipitate. (H Bose ) No precipitates are produced by phosphate of 
soda, sal-ammoniac, chloride of potassium, chromate of potash, oxalic acid, 
cyanide of potassium, cyanide of mercury, ferrocyanide or fcrricyamde 
of potassium, and gallic acid. 


Bhodium and Phosphorus. 

Phosphate of Bhodic Oxide, or Bhodic Phosphate. —Formed by 
boiling pulveiulent rhodium with a stiong solution of phosphoric acid,—or 
better, by fusing it with hydrated phosphoric acid, keeping the heat, how¬ 
ever, below redness Microcosmic salt likewise exeits a solvent action, but 
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less energetic. The solution diluted with water is yellow, the concen¬ 
trated solution brownish. Potash or soda added to the solution produces 
no precipitate, hut, after continued digestion, separates the neutral 
rhodium-salt [hydrated oxide S] m the form of a jelly. A similar reaction 
is produced by ammonia, which, however, likewise changes the yellow 
colour of the solution into green or blue, according to the concentration 
and the quantity of free acid The action is accelerated by a gentle heat 
but if the heat he immediately raised to the boiling point, the change of 
colour does not take place, when, however, the green colouring has once 
been produced, it is not destroyed by boiling Nitric acid changes the 
blue or green colour of the mixture to violet, hydrochloric also acts m a 
similar manner, but only when aided by gentle heat, at a higher tempera¬ 
ture, the liquid regains its yellow colour. (Fischer, Pogg . 18, 257.) 


Rhodium and Sulphlr. 

A Protosulphide of Rhodium. —1 Rhodium heated in sulphur- 
vapour takes up the sulphur, with incandescence. (Berzelius )—2. The 
sulphide is also formed by heating to whiteness a mixture of chloioihodiate 
of ammonia and an equal weight of sulphur. (Vauquelm )—3. By pre¬ 
cipitating aqueous chlororhodiate of sodium with hydrosulphurio acid, 
washing the precipitate in boiling water, and freeing it from watei [and 
part of the sulphur 2] by ignition in a stream ot carbonic acid gas. 
(Fellenberg, Pogg 50, 63 ) Fused, bluish white, metallic mass. When 
heated m the air, it gives off sulphurous acid, and throws out numerous 
rough vegetations, till the metal is left behind in 'the form of a white, 
spongy, friable mass (Vauquelm) The sulphide prepared by the third 
method, when heated m a cunent of dry chlorine gas, yields chloride of 
sulphur and protochloride of rhodium. (Fellenberg ) 

Vauquelm (2). Fellenberg (3) 

R .52 76 47 79 36 76 52 

S - 16 23*53 20 64 23 4S 

~RS 68 100 00 Y60 00 ~ 100 00 ~ 

B. Sesquisulphide of Rhodium —Chlororhodiate of sodium forms 
with hydrosulphate of ammonia, on the application of heat, a dark brown 
precipitate which turns acid when exposed to the air, in the same manner 
as the similarly formed sulphide of platinum, though less quickly, it dis¬ 
solves completely m hydrosulphate of potash, partially in caustic potash, 
with separation of rhodium and formation of hyposulphurous acid. 
(Berzelius) Nitric acid dissolves it, and forms a brown solution. 
(Descotils.) 

C Sulphate of Rhodxous Oxide, or Riromous Sulphate —Formed 
by heating rhodic sulphate to redness; by gently heating sulphide of 
rhodium in contact with air, or by heating the hydrate of rhodic oxide 
with sulphuric acid. Black powder, insoluble m water and acids, potash 
extracts from it the half of its sulphuric acid. (Berzelius.) 

D. Sulphate of Rhodic Oxide, or Rhodic Sulphate.— Prepared by 
heating sesquisulphide of rhodium with fuming nitric acid, evaporating 
the liquid, and decanting it from the separated powder. Part of it remains 
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dissolved in the decanted nitric acid, and imparts to it a yellowish Thrown 
colour. Black-brown powder, which absoibs moisture from the air, and 
turns ied, it dissolves easily in water. The reddish yellow or dark red 
solution yields, on evaporation, not a powder, but a brown syiup; and if 
the heat be continued, this lesidue swells up to a spongy mass, winch 
dissolves veiy slowly but completely in water, deliquesces more quickly 
In the air, and, when more strongly heated, gives off sulplnmc acid and 
oxygen gas, and is converted into the preceding salt C (Berzelius.) If the 
aqueous solution be precipitated by chloiideof barium, the filtiate contains 
sesquichlonde of rhodium The precipitated sulphate of baryta appears 
brownish yellow, from admixture of a large quantity of rhodic oxide, the 
greater part of which may, however, be extracted by boiling hydrochlouc 
acid 


Rhodium and Chlorine. 

A pROTOcnLORiDE op Riiodium — 1 Formed by decomposing 
^-chloride of rhodium with boiling potash, and heating the brownish 
grey precipitate of lhodioso-rhodic oxide with hydiochlonc acid, which 
forms a red solution of sesquichloride of rhodium and leaves the proto¬ 
chloride undissolved (Berzelius )—2. When dry chlorine gas is passed ovei 
heated protosulphide of rhodium, 100 parts of piotosulphide yield 128 4 
parts of protochloride (Fellenberg)—By (1) Greyish red or dmgy 
violet powder which hakes together in drying (Berzelius )—By (2) Of 
a fine rose-ied colour. (Fellenbcrg )—Suotams a gentle heat without 
decomposition, hut -when heated m hydrogen gas, it is resolved into 
hydiochlonc acid and 60 per cent of lhodium (Bcizelius.) The metal 
thus reduced has a pure white colour. (Fellenbcrg )—Chloride of lhodium 
is not altered by continued heating m a stream of chlorine gas It like¬ 
wise resists the action of caustic potash or carbonate of potash at a 
boiling heat, and is insoluble in water, hydrochloric acid, and nitric acid. 
(Fellenberg ) 

Berzelius (I). Fellenberg (2). 

R . 52 0 59 50 . 60 . 59*49 

Cl 35 5 40 50 . 40 40*51 

RCf . I 87 4 100 00 ’ TOO ~ 100*00 

B Five-fourths Chloride of Rhodium — To form this compound, 
finely divided rhodium, as obtained by reducing chlororhodiate of potas¬ 
sium or sodium with hydrogen gas, is gently ignited, and chlonne passed 
over it, till it ceases to increase m weight. The metal when thus treated, 
increases in hulk, and is converted into the J-chlorlde At the same 
time, three sublimates, small m quantity, are formed, viz , («), at the 
greatest distance from the heated pait, a yellow substance which forms a 
yellow solution in water, (/3), m the middle, a dark red, non-crystallme 
sublimate of sesquichloride of rhodium, and (y), nearest to the heated 
part, a thin, light grey deposit, insoluble in water and acids, and decom¬ 
posed by alkalis, with separation of brownish yellow hydrate of rhodic 
oxide 100 paits of rhodium, by thus absorbing chlorine, increase by 
84 25 parts, including the three sublimates 

Pale, rose-colouied powder, insoluble in water and hydrochloric acid, 
not adected by cold potash, but decomposed by boiling potash, with sepa¬ 
ration of gelatinous, yellowish brown-grey hydiate of rhodioso-rhodic 
oxide. (Berzelius) 
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Beizelms. 

4R . . 

208 

54 03 

54 27 

5CI 

1 77 

45*97 

45’73 

2RC1,R-CP 

385 

100 00 

100 OO 


C. Sesquichloride op Rhodium —Formed by dissolving chlororho- 
diate of potassium m water—precipitating tbe potasli by hydrofluosilicic 
acid not m excess—filtering—evapoiating—dissolving tbe residue m water, 
wbicb leaves behind a small quantity of silico-fluoride of potassium—and 
once more evaporating the solution, with addition of concentrated hydro¬ 
chloric acid, in oidei to drive off the obstinately adhering fluoride of 
silicmm. Black-brown, non-crystalline —Sustains a strong heat before 
it gives off its chlorine, and by a stronger beat, is immediately resolved 
into chlorine gas and metallic rhodium. When exposed to the air, it 
gradually softens and deliquesces. (Berzelius ) 

2R . 104 0 49 43 

3Cl 106 2 50 52 

R-Cl 3 210-2 100 00 

Aqueous Sesquichloride of Rhodium, or Hydro chlorate of Rhodic 
Oxide —Sesquicbloride of rhodium dissolves in water, forming a rose- 
coloured solution which does not yield crystals on evaporation. (Wollas¬ 
ton, Berzelius.) The solution' in aqueous hydrochloric acid is yellow, 
and does not recover its red-colour till the excess of acid has been 
expelled by evaporation (Berzelius.)—The salt likewise dissolves in 
alcohol, forming a rose-coloured solution. (Wollaston.) 

Rhodium and Nitrogen. 

A. Nttrate of Rhodic Oxide, or Rhodic Nitrate. —The solution 
of the hydrated sesquioxide in nitnc acid, is red, not crystallizable, and is 
precipitated by copper and mercury, but not by silver (Wollaston.) By 
treating with nitric acid the hydrated oxide containing potash, obtained 
by the second method (p 360), a solution is obtained which has a pure 
yellow colour, and dries up to a yellow syrup. (Berzelius.) 

R. Rhodiate of Ammonia. —Aqueous chloroihodiate of sodium 
supersaturated with ammonia, gives no precipitate at first, hut assumes 
a paler red colour, then turns yellow, and afteiwards deposits lemon-yel¬ 
low hydrated rhodiate of ammonia, which dries up to a powder of a 
paler yellow colour. This, when heated m a retort, gives off water and 
nitrogen without any noise, and leaves metallic rhodium. It readily 
dissolves in hydrochloric acid, forming a lemon-yellow solution, which 
retains its colour unaltered during evaporation, and does not turn red till 
it dries up. (Berzelius.) 

C. Ammomo-sesquicliloride of Rhodium ?—The aqueous solution of 
the following compound D, deposits a greyish yellow powder on the 
addition of ammonia. Part of the product, however, remains dissolved 
in tbe excels of ammonia, and is obtained by evaporating tbe filtered 
liquid to dryness^ and digesting the residue with a small quantity of 
•water. The greyish yellow powder gives off sal-ammoniac vapour when 
heated, and is slightly soluble in water. (Vauquelin )—2. When ihodiate 
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of ammonia has been precipitated by ammonia fiom the solution of 
chloroihodiate of sodium, the yellow liquid decanted from it, deposits, on 
cooling, a yellow salt, which is for the most part insoluble in water. 
This salt, if heated in a retort, after being washed and dzied, gives 
off nitrogen gas, water, hydrochloric acid, sal-ammoniac, and metal. 
(Berzelius ) 

D Chlororhodiate op Ammonium. —-Preparation (p 257, No. 15). 
To purify it further, the salt, which is insoluble m alcohol of 36 3 Bm. 
may be dissolved m water, which will leave behind a yellow powder, 
apparently containing platinum, lead, and non, the solution is then to 
be evaporated to dryness, and the pulverized residue repeatedly exhausted 
with alcohol, first of 36° and then of 40° Bm , which extracts the excess 
of sal-ammoniac. The residue is redissolved in water and crystallized 
(Vauquelm.)—Long, blackish red, very brilliant, four-sided pnsms, which 
exhibit a garnet colour by transmitted light, yield a fine red powder, and 
when heated, leave 0 31 lhodmm (Vauquelm Ann . Chan. 93, 204 ) 
Without the purification just described, Vauquelm formerly obtained 
ruby-coloured, very brilliant, six-sided laminae, which, when heated, left 
from 0 28 to 0 29 of metal The salt dissolves readily in water, foinnng 
a red solution , bichloride of platinum added to the solution throws down 
ehloroplatmate of ammonium, while hydrochloiate of rhodic oxide lemams 
m solution. It is insoluble in alcohol. (Wollaston.) 


C) ystalhzod 


Vauqueli 

2NH- l CI 

106 8 

31*89 

2R 

104 0 . 

31 04 

31 

3 Cl 

106 2 

31 70 


2HQ 

18 0 

5 37 


2NH<Cl,R?Cl a + 2Aq 

.. 335 0 

100 00 



Rhodium and Potassium. 

A. Rhodiobo*RSodiate of Potash _The hydrate of 2RO,R 2 O s dis¬ 

solves in excess of potash, forming a yellow solution, from which it may 
be precipitated by hydrochloric acid (Berzelius ) 

B. Rhodiate op Potash — ct. The mass obtained by igniting rhodium* 
dust in a silver crucible with hydrate of potash and a small quantity of 
nitre,^ leaves, when washed with cold water, a light, flea-brown powder 
containing from 15 to 16 per cent of potash, which may be dissolved out 
by nitric or sulphuric acid. (Berzelius.)—The hydrated oxide precipitated 
by potash from a solution of chlororhodiate of sodium dissolves m excess 
of the potash, forming a yellow solution. (Descotils, A. Gehl 6, 431 ) 

C. Sulphorhodiate of Potassium —Sesquisulphide of lhodimn 
obtained by precipitation with hydrosulplmric acid, dissolves m aqueous 
sulphide of potassium. (Berzelius.) 

D Sulphate op Rhodic Oxide and Potash -^An aqueous mixture 
ot chlororhodiate of potassium and sulphurous acid, left to itself for a 
while, deposits a powder, which is yellowish white at first, but white after 
washing and drymg, and contains K0,S0 3 -f*R 2 0 3 ,3S0 3 .-_ This powder 
when distilled, gives off sulphurous acid and oxygen gas, and leaves 
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34 T per cent, of ihodie oxide mixed with sulphate of potash ; ■when 
ignited m hydrogen gas, it yields 28 per cent, of metal. It dissolves 
very sparingly m water, imparting a yellow colour, and somewhat more 
freely m sulphuric acid, which it colours lemon yellow, when decomposed 
by boiling potash, it yields a lemon-yellow hydrate of rhodic oxide 
(Berzelius )—The rhodium deoxidized by this foimation of sulphuric acid, 
is found in the liquid below. This liquid mixed with carbonate of soda 
and evaporated, deposits a gelatinous, deep yellowi&h green hydrate of 
the protoxide, which dissolves in nitric acid, with separation ot metallic 
rhodium, and forms a yellowish green solution. The liquid filtered from 
the hydrated protoxide is pale green, but becomes red again when 
evaporated with hydrochloric acid. (Berzelius ) 

b Metallic rhodium and rhodic oxide dissolve slowly when fused with 
Lisulphate of potash m a coveied crucible at a dull red heat, the action 
m the former case being attended with evolution of sulphurous acid. 
The mass, when cold, may he mixed with oil of vitnol and fused again. 
The fused mass, if it contains hut little rhodic oxide, is red and trans¬ 
parent, but a larger quantity renders it black and opaque; when solidified, 
it is light or dark yellow, or sometimes rose-colouied It dissolves slowly 
m cold water, quickly m boiling water, iormmg yellow solutions The 
solution is impelfectly precipitated by sulphuretted hydrogen and by 
alkalis, and on mixing it with excess of caibonate of potash or soda, 
evaporating to dryness, igniting the residue in a platinum crucible, and 
exhausting, first with water, and afterwards with hydrochlouc acid, the 
whole of the oxide remains undissolved. (Berzelius) 

E. Chlqrorhqdxate op Potassium. — 1 . Finely pulverized rhodium 
intimately mixed with an equal weight of chloride of potassium, and 
heated to dull redness in a glass tube through which chlorine gas is 
passed for two hours, till it is no longer absorbed, foirns a closely aggre¬ 
gated, red-black mass. This substance is dissolved m water—the solution 
filtered to separate the rhodium which still remains metallic—then mixed 
with alcohol—and the resulting red precipitate washed with alcohol of 
specific gravity 0 S40, to dissolve out all the free chloride of potassium. 
The alcoholic solution lemains red, and, on evaporation, deports the 
greater part of the rhodium m the metallic state (Beizeliuk)—If the 
solution containing platinum and rhodium, obtained m the analysis of 
platinum ore (p 257, Xo 10,) be mixed with excess of chlonde of potas¬ 
sium instead ot common salt, and the liquid decanted from the piecipi- 
tated chloroplatinate of potassium be left to evaporate freely, the remain¬ 
der of the chloroplatinate of potassium separates out first, and afterwards 
the chloroihodiate. (Berzelius.) 

Dark red, rectangular prisms, with four-sided summits They do not 
give off their water of crystallization till heated above 100°. (Berzelius ) 
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When clilororlioclxate of ammonium is mixed with an excess of potash, 
ammonia is evolved, and a rose-coloured precipitate is formed, which 
gradually disappears again, especially on the application of heat, while 
the liquid acquires a greenish yellow colour, and on exposure to the air, 
deposits greyish yellow crystals insoluble in alcohol. If the excess of 
potash be removed from the liquid by hydrochloric acid, yellowish white 
flakes are deposited, slightly soluble m water 


Rhodium and Sodium. 

A. Rhodiate of Soda — Aqueous caustic soda dissolves rhodic oxide 
with a yellow colour (Descotils ) 

B Chlororhodiate of Sodtum — Preparation. 1. Similar to the 
first method for the potassium-salt, 1 part of rhodium, however, requiring 
2 parts of chloride of sodium (Beizelius )—2 In the analysis of platinum 
ore (p 257, No. 10). (Wollaston )—Crystallizes combined with water, m 
rhombic prisms whose acute dihedial angles measure 75° (Wollaston), m 
octohedrons. (Descotils ) The crystals have a fine red colour and taste 
like common salt In dry air, they effloiesce and are converted into a 
peach-blossom-coloured powder, and fuse in their water of crystallization 
when heated (Descotils A . Geld 6, 430 ) They then give off 30 per cent 
of water, but the last poition does not escape till they arc heated neaily 
to redness m a current of dry chlorine gas (Berzelius ) After strong 
ignition, there remains a mixtuie of rhodium and chloride of sodium 
(Descotils.)—The crystals dissolve in pt. of water, forming a cochi¬ 
neal-coloured solution, they are not soluble in alcohol (Wollaston.) 


3NaCl., 

Crystallized 
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Analyses giving different results have been made by Thomson (Sclav. 
47, 62,) and Biewend ( J . pr Gkem. 15, 126) 

C Nitrate of Rhodic Oxide and Soda. —Dark red crystals, easily 
soluble in water, but insoluble m alcohol. (Berzelius.) 

Rhodium and Calcium. 

Rhodiate of Lime —Formed when the potash or nitre with w hich 
the metal is ignited contains lime. (Beizelius ) 

Alumina exhibits similar relations with rhodium. 

Rhodium and Arsenic 

A. Arsenide of Rhodium. —The alloy obtained by fusing the two 
metals together, gives off arsenic when heated to redness in the air, while 
brittle rhodium remains behind. (Wollaston.) 

B. Arseniate of soda produces a yellowish white precipitate with 
chlororhodiate of sodium, but only when heated. (Thomson ) 
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Rhodium and Bismuth. 

Alloy.— 1 part of rhodium forms •with 3 parts of bismuth, an alloy 
which is wholly soluble in aqua-regia. 


Rhodium and Lead. 

Alloys. —1 part of rhodium and 2 parts of lead form an alloy which 
has a density of 11*3 —The alloy of 1 pt rhodium and 3 lead is perfectly 
soluble in aqua-regia. (Wollaston ) 


Rhodium and Iron. 

Carbide op Rhodium and Iron. — a 1 pt. rhodium to 1 steel * 
sp gr. 9*176; has a very fine colour and surface for metallic mirrors, 
and does not tarnish in the air.— b. 1 pt. rhodium with 50 to 100 steel. 
Very hard and tolerably tough alloy, which requires to temper it, a 
higher temperature by 39° than common steel, and 17° higher than 
Indian steel. (Faiaday & Stodait, Glib . 66, 167 ) 


Rhodium and Copper. 

Alloy.— 1 pt. rhodium and 3 pts, copper form an alloy which 
dissolves completely in aqua-regia. 


Rhodium and Silver. 

Alloy.—A very malleable and fusible alloy, which, when slowly 
cooled after fusion, becomes covered with a black powder (of protoxide of 
rhodium, according to Berzelius). In these compounds, the rhodium is 
not attacked by aqua-regia. (Wollaston.) 


Rhodium and Gold. 

Alloys. — a. 1 pt. rhodium with 4 to 5 gold. Very malleable and 
difficultly fusible alloy, tbe colour of which cannot be distinguished from 
that of pure gold, when slowly cooled after fusion, it becomes covered 
with a black powder.— b. 1 pt rhodium to 6 gold. Moie fusible than a , 
but less fusible than gold.—In these compounds, the rhodium is not 
attacked by aqua-regia. (Wollaston.) 
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Chapter XLIIL 

iridium. 


Besides the Memoirs cited on page 252: 

Tennant Phil Trans 1SG4, 411, also A . Gelil. 5, 166. 
Descotils Ann. Chim 48, 153, also A Geld. 2, 73 
Fourcroy& Yauquelm. Ann Glum. 50, 5, also A. Geld 3, 262. 
Yauquelm. Ann Chim 89, 150 and 225, also Sclav. 24, 21. 
Berzelius Pogg. 13, 463, 15, 208 and 527. 

Claus. Ann. Pharm 59, 234, 63, 341. 


Historg . Descotils, as well as Fourcroy & Vauquelin, pointed out the 
existence of the two metals contained m rhe insoluble part of platinum 
ore, but regarded them as identical. Tennant, however, soon alter 
showed, in 1S04, that this insoluble lesidue really contained two distinct 
metals, Indium and Osmium, and the chemical relations of these metals 
have been most minutely examined by Berzelius. Claus has since de¬ 
monstrated (in 1845) the existence of another metal, Ruthenium, m this 
residue, and has shown that many of the properties hitherto ascribed to 
iridium really belong to a mixture of indium and ruthenium. 

Soirees. 1, In platinum ore, in small quantity, alloyed with platinum 
and other metals (p. 254).—2 As Osmide of indium, mixed with the 
platinum oie in sepaiate grains.—3 As the so-called Native Iridium 
(vul. Alloy of Platinum and Iridium) —4. In the state of oxide, together 
with the oxides of osmium, iron, and chromium (m Imte). 

Preparation, pp 258, 259, No. 18—25; p 262, No. 23—27 j 
p. 265, No 27, pp 268, 269, No 1—4, p 270, No 1—6. 

It is difficult to obtain indium free from osmium, which obstinately 
adheres to it. The presence of osmium is discoveied by the luminosity 
which it imparts to the flame of a spirit-lamp, when a sample of the metal 
is laid on the edge of a piece ot platinum toil and held m the outermost 
border of the flame (II. 30) It the foil be then held in the middle of 
the flame, the indium will be brought back to the metallic state, and if it 
be then again held m the edge of the flame, the luminosity will be again 
increased. Osmium is best removed by igniting the iridium in a current of 
chlorine gas, which carries away the chloride of osmium, and leaves pure 
protochloride of iridium, reducible either by moderate ignition in an 
atmosphere of hydrogen, or by intense ignition per se. 

Properties. Remains in the form of a grey powder when iridium 
sal-aramoniac is heated to redness —By reduction with hydrogen, it is 
obtained in the form of a mass resembling platinum, and having a specific 
vom vi, 2 b 
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gravity of 15 8620. (Berzelius.)—When sesquioxide of iridium is prepared 
by igniting chloriridiate of potassium with excess of carbonate of potash 
(p. 265, No. 27); then washed with water and liydiochlouc acid, 
strongly pressed between bibulous paper, till half dry, afterwards 
completely dried without pressure, and rhe coherent mass exposed to a 
white heat for half an hour in a covered crucible,—the indium remains in 
the form of a coherent mass, which has a similar appeaiance to platinum, 
is difficult to bieak, but crumbles under the hammei, and may be i educed 
to powder by trituration, takes a polish when gently pressed with the 
burnisher; has a specific gravity of 15 588, and when heated m an ether- 
flame fed with oxygen gas, does not fuse, but acquires a more silvery 
whiteness. (Berzelius ) Yanqnelin fused it m very small quantity only 
on charcoal ignited in a stream of oxygen, and obtained a somewhat 
ductile globule. Children (Sclav. 16, 365) fused it by his galvanic 
battery into a white, strongly lustrous, brittle, and still somewhat porous 
globule: of specific gravity 18*6S This globule probably contained 
platinum. (Berzelius )—1 gramme of iridium heated upon charcoal before 
Boiler’s oxy-hydrogen blowpipe, fuses into a bright globule, which, 
however, appears to absorb gas, since, on solidifying, it throw’s out excies- 
cences, and cavities are foimed m its interior. In colour it is inter¬ 
mediate between silver and tin, it is somewhat ciystallme, of specific 
gravity 15 93, harder than iron, and so brittle that when struck with a 
hammer it flies into small pieces having a fine-grained fracture (Bunsen, 
Pogg. 41, 207) When reduced in this manner, the iridium may have 
taken up silieium from the charcoal. (Berzehus) 

Indncm-blacl. —When an alcoholic solution of iridic sulphate is 
heated for some time, a black powder is obtained, which is similar to 
platinum-black, and converts alcohol into acetic acid, but does not become 
red-hot in alcohol vapour. If, on the contraxy, the mixture of iridic 
sulphate and alcohol be exposed to sunshine at ordinary tempeiatures, 
and the separated black powder heated with a laige quantity of water 
nearly to the boiling point, and then dried at 100% it acquires the power 
of exciting combustion in a much higher degiee than platinum-black. 
The smallest particles of this indium-black thrown upon paper moistened 
with alcohol produce a lnssmg noise, become red-hot, and acqnne the 
grey colour of ignited indium. (W Dobereiner, Sclav 63, 465 )—By 
digesting sesquichlonde or sesquioxide of iridium with formic acid, an 
iridium-black is likewise obtained, very easily soluble in aqua-regia 
(Berzelius, Lehrbuck.) 

When a solution of bisulphide of indium in aqua-regia is evaporated 
to the consistence of a syrup, the residue mixed with twice its weight of 
alcohol of 80 percent., the mixtuie spread upon glass, and the glass heated 
to redness, there remains a smooth specular coating of indium, which 
likewise exhibits inflaming power. (Bottgei, J. j)T. Ctiem, 3, 276 ) 

Pulverulent iridium is the best adapted of all substances for producing 
a pure black upon porcelain. (Frick, Pogg 31, 17.) 


Compounds of Indium. 

Iridium and Oxygen. 

When iridium, which has not been brought into the white compact 
state by exposure to a white heat, is ignited alone in the air, or with 
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hydrate of potasli in a vessel to winch, the air has access, or with hydrate 
of potash and nitre, it oxidizes and is converted into sesqmoxide. When 
pure, it Is but very slightly soluble in aqua-regia; but when alloyed with 
platinum, it dissolves freely, and is converted into hydrochlorate of iridic 
oxide Pure indium does not dissolve m oil of vitriol, nitiic acid, or 
melted bisulphate of potash, the latter, however, converts it into sesqui- 
oxide. 

A. Protoxide of Iridium, or Iridious Oxide. —IrO.—1. Formed 
by boiling the piotochloride prepared in the dry way with tolerably 
strong potash. The protoxide then separates m the form of a heavy 
black powder, which must be washed and tieated with an acid to free it 
from potash. The potash retains a certain quantity of the pi of oxide m 
solution, and the liquid, when exposed to the air, gradually absorbs oxygen, 
and acquires first a purple-ied and then a daik blue colour.—2. By 
gently igniting the hydrate (Berzelius ) 

Ir , . 99 .92 52 

O 8 7 48 

"DO 107 100 00 

(IiO = 1233 499 +100 = 1333 499 Beizelius ) 

Combinations. — a. With Water— Hydrated Iridious Oxide. — 
1. Formed by treating tbe aqueous solution of piotocblonde of iridium 
and potassium or sodium, with carbonate of potash oi soda, taking care 
however to add only a very slight excess, as otherwise the hydrate w r ill 
ledissolve andfoim a greenish yellow solution (Beizelius ) 

b. With Acids, foimmg the Salts of Iridious Oxide, or Iridious 
Salts. —The anhydrous oxide dissolves veiy sparingly m boiling acids, 
the hydrate more freely The solution has a dingy green or giecnish 
bzown colour, m the dilute state, it is colouiless (Berzelius.) With 
chlorine it passes to a higher state of oxidation and becomes blue or red- 
brown. (Berzelius ) 

c. With potash. 

Blue OAde of h idiiuni —This oxide must he regarded as a mixture of 
the oxide and sesqmoxide —It is sometimes produced when iridium is 
ignited with hydrate of potash m a covered crucible, or when chlorindiate of 
sodium is fused with iridium,—likewise by paitial deoxidation of solutions 
of the sesqmoxide, and byboilmg the protocbloride with excess of potash, 
which then acquires a blue oi purple colour on exposure to the air. The 
surest method of obtaining it, is to supersaturate the aqueous solution of 
chlorindiate of potassium or sodium with ammonia, and evaporate till it 
retains only a slight odour of ammonia; it then turns blue and deposits 
the blue oxide, which must he collected on a filter just at the proper 
time, as it would disappear again during the evaporation of the liquid to 
chyness, and leave ammonio-protochloiide of iridium. The liquid runs 
through colourless at first, but tbe wash-water acquires a pale blue tint 
by, taking up a small quantity of the blue oxide. The oxide thus 
obtained—which contains ammonia, and therefore, when heated, is reduced 
with violent decrepitation and often with detonation—dissolves in acids, 
especially in hydrochloric acid, and forms a dark blue solution (Berze¬ 
lius )—By igniting iridium with hydrate of potash and nitre, or simply 
with hydrate of potash in a vessel to which the air has access, a compound 

2 B 2 
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of tlie blue oxide with potash is obtained. Acids dissolve it and form 
blue solutions, winch aie decolorized by zinc, tm, iron, protoelilorule of 
tm, gieen vitriol, and hydrosulphunc acid, a small quantity of thloime 
lestores the blue colour, and a largei quantity colouia the solutions 
purple-red; but this colour again give& place to the blue, when the liquid 
is exposed to the air. By continued boiling, the blue solutions become 
green, then violet, then purple, and are ultimately converted into the 
brown-red salts of iridic oxide. The blue salts are not precipitated by 
potash or ammonia, if, however, they contain titanic or ferric oxide, these 
substances are precipitated in combination with a small quantity of blue 
oxide. (Vauquelm.)— According to Claus,, this blue oxide is m reality the bioxide, 
IiO 2 . (see page *574). 

B Sesquioxide of Iridium. —Ir-O 3 — Formation. 1. The finely 
divided metal is quickly converted into sesquioxide by ignition in the 
air; the compact metal moie slowly; at a stronger lieat, the metal is 
reduced —2 When iridium is ignited with hydrate or caibonate of potash, 
either in contact with the air or mixed with nitre, a compound of the 
sesquioxide with potash is produced The sesquioxide combines with the 
potash, but sepaiates out for the most part when the mixture is dissolved 
m water, because the aqueous potash letams less of it m solution , if only 
a moderate heat he applied, or if the quantity of potash be too small, 
indium and the protoxide remain mixed with the product.— 3. Iridium 
fused with bisulphate of potash, is converted into sesquioxide, but is not 
dissolved (Berzelius.) 

Preparation. Chlonridiate of potassium is mixed with twice its 
weight of carbonate of potash or soda, and the mixture heated in a 
covered silver or porcelain crucible, till the bottom exhibits a dull red 
heat.—In this case, a mixtuie of 1 vol oxygen and S vol. eaibonic acid 
gas is evolved * 

2 I 1 CI- + 4(NaO,C0 2 )=Ir0 3 MNaCl-r O + 4C0 2 , and I At O 4 At CO : = 
1 \ol. O 8 \ol CO- If too much heat he applied, the sesquioxide 
drives out the carbonic acid and unites with alkali, forming a compound 
which dissolves with yellow colour m water.—The saline mass is dis¬ 
solved in boiling water, which does not dissolve any of the iridium, 
and the sesquioxide washed on the filter with water containing sal-ammo¬ 
niac (if pine water be used, it runs through the filter m the form of a 
greenish blue, turbid liquid), after which the sal-ammoniac is removed by 
heat, and the still adhering alkali by an acid (Berzelius.) 

Soft, bluish black powder. (Berzelius ) 
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(IrO 3 = 2 . 1233 499 + 300 = 2766*998. Beizehus.) 

Sustains a red heat without decomposition, but when heated above 
the melting point of silver, it is resolved into metallic iridium and 
oxygen. Hydrogen gas, even at ordinary temperatures, reduces it to 
the metallic state, the decomposition being attended with rise of tempe¬ 
rature (amounting even to ignition according to Wolilei) ; it is likewise 
reduced with strong detonation when mixed with a combustible body and 
heated, (Berzelius.) 
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Compounds —a With water— Hydrated Sesquioxide oe Iridium 
—Formed when an aqueous solution of sesquichlonde of indium or its 
compound with chloride of potassium or chloride of sodium, is treated with 
potash or soda Sometimes, however, from some unknown cause, no preci¬ 
pitate is formed even on heating the mixture The dark brown bulky 
piecipitate contains alkali, which cannot be extracted by water—Bichlo¬ 
ride of indium and potassium likewise yields, when boiled with aqueous 
caibonate of potash or soda, a black precipitate, which exhibits all the 
pioperties of [hydrated2] sesquioxide of indium, and dissolves m hydro¬ 
chloric acid forming a dark biown solution 

IT The sesquioxide has lutlieito been considered as the most important 
nnd the most easily prepaied of all the oxides of indium According to 
Claus, however, (Ann Phavm 59, 251,) it can only be obtained under 
particular circumstances. On tieatmg a solution of sesquichlonde of 
iridium with potash, no precipitate is at first produced; but on heating 
the liquid for some time, it assumes an indigo coloui and then deposits a 
dark blue hydrate of the bioxide , Ir0 2 -|-2Aq oxygen being at the same 
time absorbed from the an. This absorption may be made evident by 
intioducmg a solution of sesquichlonde of indium and potassium mixed 
with a small quantity of potash, into a tube half filled with oxygen gas 
and closed at the bottom with mercury After a while, a deep violet- 
blue colour appears m the liquid, commencing at the top, gradually 
extending dov awards, and becoming continually daiker, the liquid at the 
same time absoibmg the gas, rising m the tube, and finally depositing 
the blue bioxide of indium m consideiable quantity. It would appear 
from this, that the lowei oxides of indium cannot be prepaied m the 
moist way —The anhydrous sesquioxide may, however, be obtained by 
gently igniting a imxtuie of the sesquichlonde of indium and potassium 
with carbonate of soda m an atmosphere of carbonic acid, ou tieating 
the product with -water, the sesquioxide remains m the foim of a black 
powdei insoluble in acids This oxide likewise forms a soluble, pale 
gicenish hydrate, hut it is difficult to obtain, because it lapidly absorbs 
oxygen and is converted into the hydrated bioxide. (Claus ) IF 

b With acids, foimmg the Salts of Sesquioxide of Iridium — 
The anhydrous oxide is insoluble in acids and even in fused bisuiphate of 
potash; the hydiate, however, dissolves in acids, forming solutions of a 
dark brown or dmgy purple-ied colour. (Berzelius.) 

c . With ammonia, potash, and soda. 

C. Bioxide of Iridium, or Iridic Oxide. —IrO 2 .—According to 
Berzelius and others, this oxide is known only in its salts, and cannot be 
precipitated by alkalis or alkaline carbonates, because they dissolve it. 
When a solution of bichloride of indium and potassium is boiled with 
carbonate of potash or soda, carbonic acid escapes with effervescence and 
a precipitate is formed consisting, not of bioxide, hut of the black sesqui¬ 
oxide (Berzelius )—*IT According to Glaus, on the contrary, the bioxide 
is the most easily pi spared of all the oxides of indium, and is always 
deposited m the form of a bulky, indigo coloured precipitate, when a 
solution of either of the chlondes of indium is boiled with an alkali. 
The precipitate is a hydiate containing 2 At watei * IiO~-}-2Aq. It 
always retains 3 or 4 per cent of alkali, even after the most careful 
v ashing When depmed of its water by heat, it contains 14 per cent 
of oxygen 
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The hydrate, when heated in an atmosphere of carbonic acid, exhibits 
a stiong momentary incandescence, at the same time giving off all its 
water, together with 1 or 14 per cent of oxygen, and becoming black 
and insoluble in acids It is almost insoluble m dilute sulphuric and 
nitiic acid, hydrochloric acid dissolves it slowly but completely, forming 
a solution which is indigo-colouied at first, hut afterwards becomes chrome- 
gieen, and finally red-brown when heated, being at the same time con¬ 
verted into bichloride of iridium This oxide is identical with the blue 
oxide described on page o' 7 !, and hitherto regaided as a compound of 
protoxide and sesquioxide. (Claus, Ami Pharm 59, 2,52 ) IT 

The salts of iridic oxide aie produced fiom the salts of the lower 
oxides by boding tbe solutions of tbe latter m open vessels or with nitric 
acid The anhydrous salts are black, and yield led powdeis, the aqueous 
solutions are dark biown, led, and almost opaque when concentrated, but 
reddish yellow when dilute, they impart a distinct yellow colour to large 
quantities of water.—When evaporated and ignited, they leave metallic 
iridium. Theyaie decolorized—or in case of great concentration, tuinod 
yellowish or pale green—by the following substances, wdnch, for the most 
part, reduce them to proto-salts; a small quantity of chlorine subse¬ 
quently added turns them green, and a larger quantity, violet-ied. (Yau- 
quelm ) Zinc, tm, iron, and most of the metals—not, however, gold or 
platinum—decolorize the solutions, and throw down part of the indium 
m the form of a black powder. (Tennant.)—Sulphuietted hydrogen deco¬ 
lorizes them at first, and, after a while, forms a brown precipitate of 
sulphide of iridium ; so likewise does hydrosulphate of ammonia, an 
excess of which, however, easily redissolves the precipitate (H Hose )— 
Iodide of potassium exerts a decolorizing action. (H Rose )—Protochlo¬ 
ride of tin decolorizes the solution (Tennant), and forms a pale blown 
precipitate (H Rose )—Green vitriol decolorizes the solutions (Vauque- 
lin), and forms a dingy gieen precipitate according to H Rose, or white, 
according to Fischer.—Mercurous nitrate produces a pale brown pieeipi- 
tate. (H. Ptose)—Oxalic acid decoloiizes the solutions after a while 
(H Rose); tincture of galls and cyanide of potassium, immediately 
(Tennant), so likewise does feirocyamde of potassium (H Rose, AnalyL 
Ckem.) According to Fischer, on the contrary (tichw. 53, 117), feiro- 
cyanide of sodium and gallic acid exert no particular action —Ammonia 
decolorizes the solution and forms a brown precipitate, a portion of the 
oxide however remains dissolved, without imparting any colour to the 
liquid. (Yauquelm, H. Rose.) Tennant alone ascribes a purple-red 
colour to tbe mixture. If the greater part of the free ammonia be left to 
evaporate in the air or driven off by boiling, the colourless liquid turns 
blue and deposits a blue powder. (H. Rose.)—Potash m excess produces 
a very scanty blackish grey precipitate; the supernatant liquid, which is 
either colourless or very pale-green, undergoes but little change of colour 
when heated, but if afterwards set aside, it assumes a continually darker 
violet-blue colour, the change proceeding fiom above downwards; it it 
be then evaporated, it yields a blue precipitate and ultimately a greenish 
white, dry residue, wdnch when digested m watei, forms a colourless solution 
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and deposits a blue powder. (H Dose ) [Is the reduction which takes place on 
the addition of potash or carbonate of potash, due to oigamc matter denved fiom the 
filtci ? ] Caibonate of soda decolonzes the solution after a while, but 
without producing a precipitate. (H Eose )—Neutral caibonate of potash 
forms with hydrochloiate of indie oxide, a deep red-biown piecipitate, 
winch, however, gradually redissolvcs, leaving only a tiace of black-biown 
powder. The colourless solution thus formed does not become blue on 
standing, but if evaporated to dryness, and then treated with water, it 
yields a small quantity of blue powder, and the liquid turns blue after a 
while. (H. Eose )—Bicarbonate of potash, as well as phosphate of soda, 
decolorizes iridic salts after a while, but without pioducing a precipitate. 
(H. Eose ) Nitrate of silver produces a deep indigo-coloured precipitate, 
which becomes colourless aftei a while (see p S92). 

The mixing of iridic with lndious salts pioduces changes of colour to 
blue, green, violet, &c. (Yauquelm ) 


Teroxide op Iridium.—I rO\ 

Known only in combination with hydrochloric acid or with potash. 

Aqueous terchlonde of iridium and potassium exhibits but a slight 
turbidity when mixed with carbonate of potash or soda, hut after diges¬ 
tion for some time, deposits a brownish or greenish yellow, gelatinous 
hydrate of the teroxide, containing however a considerable quantity of 
potash The filtrate holds m solution a small quantity of the tei oxide, 
which gives it a yellow colour The hydrate, if heated aftex drying, 
decomposes with sudden decrepitation and evolution of oxygen gas and 
aqueous vapour, and is piojected out of the retoit. While yet moist, it 
dissolves in hot hydrochloric acid, forming a yellow solution, which, when 
evaporated to dryness, turns red and leaves terchlonde of iridium and 
potassium, from which alcohol does not extract a trace of free terchloride 
of iridium. 


Iridium and Carbon. 

Carbide op Iridium —A coherent piece of iridium held in the 
middle of an alcohol-flame, soon becomes coveied with a carbonaceous 
vegetation, which is soft to the touch, stains the fingers, takes fire when 
slightly heated, afterwards continues to glow, and leaves SO 2 pci cent, 
of indium —The indium on which this carbonaceous mass has been 
deposited, appears dark-giey, and is completely penetiated by the 
caibon—Any oxide of iridium heated in carbuietted hydrogen gas or 
m vapour of alcohol, ether, or any volatile oil, is reduced with incandes¬ 
cence, to carbide of iridium. (Berzelius ) 

Beizehns. 

Ir 99 .. 80*49 80 2 

4C 24 19 51 . 19 8 

IrC 4 ~ 323 100 00 . . 100 0 

Iridium and Phosphorus. 

Phosphide op Iridium —Indium ignited m phosphorus-vapour takes 
up a small quantity of phosphorus, and is converted into a mass, which 
has the appearance of indium, and, when heated in the air, is converted, 
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by slow combustion, into a mixture of metallic iridium and phosphate of 
mdiotts oxide. (Berzelius.) 


Iridium and Sulphur. 

A. Protosulphide op Iridium —1. Iridium ignited in sulphur 
vapour, takes up sulphur with slight incandescence, part of the metal, 
however, remaining uncombmed (Berzelius)—2. The protosulphide is 
also formed when one of the higher sulphides is heated out of contact of 
air. (Bottger, J.pr. Chem 3, 277.) — 3 By precipitating an indious salt 
with sulphuretted hydrogen, and washing the precipitate with water con¬ 
taining sal-ammoniac or an acid, because puie water dissolves it slightly 
(Berzelius) The sulphide prepared by (2) is grey, like galena, or 
blackish blue (Bottger), that prepared by (3) is dark yellowish biown. 
(Berzelius ) Not decomposed by strong ignition m a closed vessel; but 
when roasted, it gives off sulphurous acid, and is convex ted into a daik- 
brown basic sulphate. (Berzelius ) Thepieparation (3) dissolves in nitiic 
acid, even when cold, w r ith founation of sulphate of the protoxide or 
sesquioxide of iridium, of a daik gieen or brown coloui, if the acid be cold 
and in insufficient quantity, or of orange-yellow sulphate of the bioxide, 
if the acid is in excess, and more especially if it he hot Any sulphide of 
platinum that may be present remains for the most unchssolved^ by the 
cold acid —(2) is insoluble in nitiic acid, and dissolves hut sparingly m 
aqua-regia. (Berzelius; not at all, according to Bottger)—(3) dissolves m 
sulphide of potassium more readily than sulphide of platinum; and when 
precipitated from the solution by acids, it is slightly soluble m pure water, 
and yields a red-brown solution. Hence the water used to wash the pre¬ 
cipitate becomes coloured, but deposits the greater part of the sulphide of 
iridium when evaporated, m consequence of the concentration of the acid 
which it contains, if, however, nitiic acid has been used for the precipi¬ 
tation, no sulphide of indium separates out on evaporation, because the 
nitric acid converts it into sulphate. (Berzelius ) 

Bottger. 

Ir . . 99 . 86 09 85 33 

S 16 13 91 14 67 

PS 115 100 00 . 100*00 

B. Sesquisulphide of Iridium. —Formed by precipitating a salt of 
the sesquioxide with sulphuretted hydrogen. The biown-black pre¬ 
cipitate does not become acid by drying, but if subsequently heated, it 
first gives off water and sulphurous acid—proving that a certain degiee of 
oxidation lias taken place—and afterwaids sulphur, till the residue is 
leduced to the protosnlpkide. With nitric acid and sulphide of potassium 


it behaves like A (3). 
solution. (Berzelius.) 

Dissolves sparingly m 

water, forming a yellow 

2Tr„.„. 

. 198 

80*49 

3S 

. 48 

19 51 

Ir e S 3 

246 . 

. 100 00 


C. Bisulphide of Iridium— 1 . Formed by igniting indium sal- 
ammoniac with an equal weight of sulphur. (Vauquelm )—2 By igniting 
pulverulent iridium with a mixture of sulphur and carbonate of potash or 
soda, and exhausting the product with water. (Fellenberg, Pogg . 59, 66.)— 
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3. By precipitating aqueous bichloride of iridium or its .compound with 
chloride of potassium, by hydiosulpliuric acid. (Berzelius) The pie- 
cipitate is quickly washed with boiling water, then dried m vacuo, and 
heated in an atmosphere of caibomc acid. (Fellenberg)—4 With 
bisulphide of carbon, just as in the preparation (3) of bisulphide of 
platinum. (Bottger.) If the alcoholic solution of bichloride of nidium 
deposits a red powder of bichloride of indium and potassium not pre¬ 
viously separated from it, the liquid must be filtered before adding the 
sulphide of carbon. In the course of four days, the mixture solidifies m a 
compact black jelly, which, as m the case of platinum, must be well 
washed with alcohol and water, whereupon, however, a small portion dis¬ 
solves. (Bottger) By (1) black coherent powder (Vauquelm), by (3); 
dark yellowish brown powder (Berzelius), by (4) black, with a few 
shining points; sandy to the touch, and gutty between the teeth. 
(Bottger) 

The bisulphide obtained by (1) leaves metallic iridium wlien ignited 
m the air. (Vauquelm ) That obtained by (3) behaves like B, when dried 
in the air and subsequently ignited, and likewise with nitric acid, water, 
and sulphide of potassium —(4) leaves metallic iridium when intensely 
ignited m the an , it does not become acid on exposuic to the air; 
dissolves completely m aqua-regia, but is not decomposed by boiling 
ammonia, potash, or carbonate of soda. (Bottger ) The product obtained 
by (2) or (3) is not decomposed by chlorine gas at ordinary tem¬ 
peratures, but when heated to a temperature at which glass softens, it 
is completely decomposed, yielding chloride of sulphur and chloiide of 
iridium. A small portion of the chloride of indium sublimes, the 
quantity being gieater the longer the chlorine gas is passed over the 
sulphide; hut the greater part remains at the point where the decom¬ 
position takes place. The quantity of chloride of indium obtained from 
a given quantity of sulphide vanes so much, that in one experiment 
81 06, and in another 73 78 per cent, of metal was obtained from it. 
According to the former result, a chloride of iridium may be supposed to 
exist, containing more than 1 At iridium to 1 At. chlorine. (Fellenberg.) 
[Perhaps a portion of the protoclilonde of iridium produced was decom¬ 
posed by the application of too strong a heat, and metallic indium thereby 
set free.] 

Vauquelm. Fellenberg. Bottger. 

(1) (2) (3) (4) 

Ir .99 75 57 . . 75 . . 75 ... 75 92 . 74 83 

2S . .32 24 43 25 25 . 24-08 25 19 

IiS 2 131 100 00 Too Too 100-00 . 100 00 

D. Tersulphide op Iridium. —Formed by precipitating aqueous ter- 
chloride of iridium and potassium with Iiydrosulphunc acid, the mixtuie 
being left for a time m a closed vessel at 60°. Dark yellowish brown 
pxecipitate, which behaves like B, when dried in the air and subsequently 
ignited, or when treated with nitric acid, water, or sulphide of potassium. 
(Berzelius ) 

Ir . . 99 . . 67 35 

3S . 48 32 65 

IrS** 147 . XOOTOO~ 

E Sulphate op Iridious Oxide —The solution, vhen evapoiated, 
deposits a shining, brownish green, amoiphous mass, which forms a daik 
yellowish gieen solution m water (Beizclius.) 
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F. Sulphate of Sesq,uioxide of Iridium. —When bisulphide or tor- 
sulphide of indium recently precipitated by sulphuretted hydrogen is 
digested in a quantity of cold nitric acid not sufficient to dissolve it com¬ 
pletely, a greenish or reddish brown solution is obtained. (Berzelius ) 

G Sulphate of Iridic Oxide —The solution of bisulphide or ter- 
sulphide of iridium m excess of w r aim nitric acid is brownish yellow, and 
yields, on evaporation, a thick yellow syrup. If strong mtne acid be 
used, the resulting sulphate of iridic oxide remains for the most part 
undissolved, in the form of a brown amorphous mass, which, after the nitric 
acid has been poured off, dissolves in water, forming a brownish yellow 
solution The aqueous solution is not precipitated by alkalis The com¬ 
pound is likewise easily soluble in alcohol (Berzelius.) The dried salt, 
when strongly heated, gives off sulphuric acid, and leaves a brown basic 
salt, similar to that obtained by roasting sulphide of iridium (Berzelius ) 


Iridium and Iodixe. 

Biniodide of Iridium —Aqueous bichlonde of iridium boiled with 
iodide of potassium and hydi ochlonc acid, yields the compound IiP m the 
form of a black powder, which gives off its iodine at a tempeiature near 
the boding point of mercury, it is insoluble m watei and m acids 
(Lassaigne, J, Qhim . med. 11, 62 ) 


Iridium and Chlorine. 

A. Protochloride of Iridium —a . Insoluble —This compound is 
formed when indium, m the finely-divided state in which it is obtained 
by reducing chlonndiate of potassium with hydrogen gas, is exposed to a 
stream of chlorine eras at an incipient red heat The indium then swells 
up and forms a light powder, having a daik olive-green coloui, and soiling 
strongly any surface on which it is rubbed This powder, w r hen ^ cry 
strongly ignited m a porcelain retoit, gives off chlonne gas, yields a small 
sublimate of sesquichlorule and bichloride of indium, and leaves a residue 
of the metal. Any chloride of osmium that maybe mixed with it likewise 
sublimes, for the most part, undei these circumstances The protochloiide 
thus obtained is insoluble m water, dissolves very sparingly m boding 
hydrochloric acid, forming a greenish liquid, and is likewise scarcely soluble 
in aqua-regia. (Berzelius ) Protochloride of indium obtained by igniting 
the bisulphide in chlonne gas, is crystalline, olive-green, and somewhat 
shining When treated with water, it gives up a small quantity of a 
soluble chloride, which colours the liquid yellow. The compound freed 
from this soluble chloride is slowly reduced, with formation of hydio- 
chlonc acid, by ignition in hydrogen gas, when ignited with carbonate of 
potash, it is decomposed, with separation of a dark grey oxide But it 
remains nndecomposed when immersed m aqueous hydrosulphate of 
ammonia, also when boiled with hjdrochloric acid, nitric acid, aqua-regia, 
oil of vitriol, potash, or eaibonate of potash (Fellenberg, Fogg 50, 66 ) 

b. Soluble. Formed by decomposing a wuth solution of potash, treating 
the separated protoxide with hydrochloric acid, m an excess of which it is 
partially soluble, and evaporating the brownish green-yellow filtrate, 
whereupon it turns yellow, and leaves the protochlorido of iridium on the 
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glass in the form of a transparent yellow mass, wliicli, if it has not been 
too strongly heated, dissolves completely m a small quantity of boiling 
watci, forming a yellow solution, but on adding a larger quantity of water, 
the greater part of the chloude of indium is thrown down in the foim oi 
a gieenish brown precipitate, the liquid remaining yellowish giecn. 
—b probably contains a small quantity of hydrochloric acid chemically 
combined. (Berzelius ) 

Fellenberg. 

Ir . 99 0 73 66 73 78 

Cl 35 4 26 34 26 22 

iTcI 134 4 100*00 100 00 

IF According to Clans (Ann. Fharm 59, 255), the formation of the 
protochloride of indium and of its double salts is a problem not yet 
solved All the preparations described by Berzelius and others as proto¬ 
chloride of iridium, Claus regards either as sesquieldoiide, or as mixtures 
of that compound with metallic indium He finds that the bichloride is 
reduced by sulphurous acid, sulphuretted hydrogen, protochlonde of tin, 
ferroeyamde of potassium, alcohol, and other reducing agents, to the state 
of sesquichlonde, hut there the reduction geneially stops, excepting that 
in some cases metallic iridium is separated without the intermediate for¬ 
mation of protochlonde The gieyish compound which Berzelius obtained 
by treating pulverulent iridium with chlorine gas, is likewise, accoiding to 
Claus, a mixtuie of sesquichlonde and metallic indium, for, when very 
finely pounded, and again exposed to the action of chlorine, it absorbs that 
gas without change of coloui, and is thereby brought nearer to the com¬ 
position of the puie sesquichlonde Moreover, if it he mixed with common 
salt, and treated with chlonne at neaily the same temperatuie as before, 
it yields a product, v r lnch, when digested in water, leaves metallic 
indium. IT 

B Sesquichloride of Iridium — 1. Sublimes when indium, either 
pure or mixed with nitre, is ignited in chlorine gas, or when protochlonde 
of iridium is ignited per se .—2 Foimed likewise by igniting iridium with 
nitre, extracting the potash (together with a small quantity of indium) 
from the mass by excess of hot nitric acid, washing the residue with water 
and dissolving it m hydrochloiic acid, whereby chlorine is evolved, and 
no bichloiide foimed The dark yellowish brown solution yields, on 
evaporation, a syrup, and afterwards a black, amoiphous mass. The 
sesquichlonde obtained by (1) is brownish yellow and amoiphous, and 
does not dissolve m water That obtained by (2) is black, becomes moist 
in the air, if it has not been too strongly heated, and foims with water a 
solution which is red-brown, deep yellowish red, biowmsh yellow, ox- 
yellow, accoidmg to the degree of coneentiation. The admixture of a 
small quantity of the protochlonde gives it a green colour; a larget 
quantity colours it blue or purple After being heated to the point at 
which it gives off hydrochloric acid, it dissolves but paitially in watei, 
with separation of a brown, flocculent, basic salt. (Berzelius ) 

2Ir 198 0 65 09 

3Cl 106*2 34 91 

Ir-CP .304 2 . 100 00 

According to Claus, the sesquichlonde is the most stable of all the 
compounds of indium. 
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0. Bichloride op Iridium, Iridic Chloride; or Chloriridic 
Acid. — 1 . Formed by passing eblorme gas through watei in which 
iridium sal-ammoniac is diffused (Vauquelm ) In this operation it is 
necessary to guard against the formation of chlonde of nitrogen. 
(Berzelius)—2 By digesting an aqueous solution of the sesquichlonde 
with aqua-regia at a gentle heat (Berzelius )—3 By dissolving in very 
strong aqua-regia the residue left by nitric acid m the analysis of osnnde of 
iridium (p 263,, end of 27,0). (Berzelius ) When one of these solutions is 
evapoiated to perfect dryness at a temperature of at least 40°, the water 
and excess of acid evaporate; a small quantity of sesquichlonde of iridium 
is formed^ and the bichloride is left m the form of a black mass, translucent 
at the edges with a dark red colour, and reduced by cracks to a coarse 
powder (Berzelius) Thomson (Schw 47, 59) obtained it m brown-black, 
shining tetiahedrons, which had a very rough and hitter taste, gave off 
2 625 per cent of water at a red heat, and when very strongly ignited, 
left nothing but 44 per cent of iridium. It sustains a tolerably strong 
heat without decomposition, and when somewhat strongly heated m a 
retort, first gives off hydrochloric acid (inasmuch as it obstinately letams 
a small quantity of water)—whereby mdic oxide is set fiee, and the 
compound loses its solubility m water—and aftei wards chlorine, m conse¬ 
quence of which a lower chloride is fhst left behind, and then metallic 
indium (Berzelius.) 


Tr 

99 0 

58 30 

SCI 

70 8 

40 70 

IiCP 

169-8 

. 100 00 

Aqueous Bichloride 

op Ipidiuji, or 

Hydrochlorate of Iridic 


Oxide. —The anhydrous compound deliquesces m the air, and dissolves 
easily in water. A solution containing free acid may be obtained by 
either of the three methods above described. The concentrated solution 
is oily, almost black, and appears yellowish led at the edges by trans¬ 
mitted light; as the liquid is fuither diluted, it becomes brown-red, reddish 
yellow, and finally, with a very large quantity of water, yellow. At a 
boiling heat, it gives off chlorine, and is leduced to the state of sesqui- 
chloride The alcoholic solution, when evaporated, gives off an ethereal 
odour, and deposits scarcely anything hut sesquichloride. (Berzelius.)— 
The solution, when diluted till it becomes yellow, is decolorized by 
hydrosulphuric acid, ammonia, potash, soda, baryta, lime, zinc-sulphate, 
ferrous sulphate, ferrocyamde of potassium, and gallic acid, also in 24 
hours, by zinc and iron; protochloride of tin decolorizes it, with formation 
of a few yellow flakes; and mercurous nitrate, with copious formation 
of orange-yellow flakes The following substances exert no decolorizing 
action * sulphuric, hydrochloric, nitric, oxalic, tartaric, citric, and acetic 
acid, hydrochlorate of manganous oxide, sulphate of ferric oxide, and 
sulphate of cupric oxide. (Thomson )—IT When a tolerably strong solu¬ 
tion of the bichloride is mixed with caustic potash, a clieiry-red preci¬ 
pitate is first formed, consisting of veiy small crystals of chloriridiate 
of potassium, which, however, soon redissolves, the liquid acquinng an 
olive-green colour. If strong alcohol be then added, a white precipitate 
with a greenish tinge separates out, consisting of sesquichloride of iridium 
and potassium, it dissolves readily iu watei. It appeals then that the 
potash abstracts chlorine fiom the bichloride, without replacing it by 
oxygen, acting, an fact, as it would with free chlorine, and producing^ 
chloride of potassium and chlorate of potash. The &c<qmchlormc salt 
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thus formed is not decomposed by the free potash at ordinary tempera¬ 
tures; but on the application of heat, the colour changes from olive-gieen 
to pale yellow At this point, the sesquichloride ot iridium is decom¬ 
posed, and sesquioxide separated, the latter, however, remains dissolved 
in the potash, so that no precipitate is formed But, if the liquid be 
heated for some time, it absorbs oxygen, and the hydrated sesquioxide is 
converted into bioxide, and separates m the form of a blue precipitate 
(Clans) IT 

Bichloride of iridium combines with basic metallic chlorides, and 
dissolves readily m alcohol. (Berzelius ) 

T). Iridic Oxychloride.— On mixing the aqueous solution of clilor- 
iridiate of potassium with mercurous nitrate, this compound is preci¬ 
pitated in yellowish brown flakes, while corrosive sublimate remains m 
the liquid. When a larger proportion of mercurons mtiate is added, a 
light yellow mixture of that substance with calomel is piecipitated, and 
tins, when digested in the liquid, is converted into protochloride of 
iridium, the precipitate at the same time acquiring a green colour. 
(Berzelius ) 

E Terciiloride of Iridium. —Known only in combination with 
chloride of potassium. 


Ir 

99 0 . 

48 24 

3CI 

106 2 

51 76 

IiCl 3 

205 2 

100 00 


If According to Claus, this so-called terciiloride of iiidium, as well as 
the conespondmg oxide IrO 3 is m leality a ruthenium compound, having 
been formed by Beizelius from indium containing ruthenium (see 
p. 3SS). % 

Iridium and Nitrogen. 

A. Nitrate of Iridious Oxide, or Iridious Nitrate —Hydrated 
protoxide of indium forms with nitric acid a dingy green solution, which 
gradually acqunes a purple colour, but on evapoiatmg to dryness, and 
redissolvmg m water, a greenish yellow liquid is again obtained. (Ber¬ 
zelius ) 

B. Ammonio-sesouioxide of Iridium. —Ammonia added to aqueous 
sesquichloride of indium, thiows down a biown hydrate, which contains 
indium, and is consequently reduced with slight detonation when heated. 
(Berzelius ) 

C. Ammonio-p?'otochloride of Iridium ?—From solutions of proto¬ 
chloride of indium combined with sal-ammoniac or chloride of potassium, 
ammonia throws down a light greenish-grey powder. This substance, 
when heated, undergoes paitial fusion; mtumesces, gives off, first am¬ 
monia, and afterwards hydrochloric acid and sal-ammoniac, and leaves 
56 5 per cent, of iridium;—it therefore probably consists of the ainmonio- 
protochloride. (Berzelius.)—Ammonia poured upon pulverized clilor- 
indiate of potassium likewise causes an effervescence aiming from evolu¬ 
tion of nitiic acid, and forms a brown liquid and greyish white 
precipitate. When the brown liquid is evaporated and the residue 
dissolved in a very small quantity of water, a small quantity of greyish 
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’white powder is left, and a yellowish brown solution obtained, from which 
alcohol throws down the yellowish brown protochlonde of indium and 
ammonium* The greyish white precipitate becomes light greenish grey 
when dry, and exhibits the above-mentioned relations of ammomo-proto- 


chloride of iridium. 

(Berzelius.) 


Berzelius 

NH 3 

17 0 

. 11*23 


Ir 

99*0 

65 39 

65*5 

Cl 

35 4 

23*38 


NH 3 ,IrCl 

151 4 

100 00 



D. Protochloride of Iridium and Ammonium —NH 4 C1, IrCl — 
Aqueous sesquichlonde of iridium gently heated with sal-ammoniac, is 
resolved into a precipitate of bichloride of iridium and ammonium, and a 
green solution of protochloride of iridium and ammonium, and on evapo¬ 
rating the latter, there remains a crystalline mass soluble in hydrated 
alcohol — [ According to Claus, this compound is identical -with the tallowing 
(seep 379)]. 

E. Sesquichloride of Iridium and Ammonium —When sesqui- 
chlonde of iridium dissolved m a small quantity of water, is mixed with 
a quantity of sal-ammoniac not sufficient to convert it completely into 
the chlorine-salt, and the solution left to evaporate spontaneously, there 
remains a brown-black, amorphous mass, which remains dry m the air, is 
insoluble m alcohol, and is partially piecipitated m the form of a brown 
powder on the addition of alcohol to its aqueous solution —If the sal-am¬ 
moniac is m excess, and especially if heat be applied, the liquid acquires a 
dingy green colour, and deposits bichloride of indium and ammonium, while 
protochlonde of iridium and ammonium remains m solution. (Berzelius.) 

F Bichloride of Iridium and Ammonium, or Cillqriridiate of 
Ammonium.— Indium Sal-ammoniac —Piecipitated m the form of a daik, 
cherry-red powder on adding sal-ammoniac to the concentrated aqueous 
solution of the sesquichlonde or bichloride of indium, oi of chlorindiate 
of sodium— Pi epa ration (p 259, No 24)—Small reddish black octo- 
bedions, yielding a daik red powdei, and isomorphous with platinum 
sal-ammoniac —This compound, when heated to ledness, yields 45 per 
cent of giev, spongy indium. (Yauquelm ) When suspended m water 
through which a stream oi chlonne gas is made to pass, it is decomposed, 
with evolution of nitrogen gas and formation of liydroehlonc acid, ami 
converted into hydiochloiate of iridic oxide, with excess of acid. (Dcs- 
cotils )—1 pt of the salt dissolves m 20 jiarts of cold water, forming 
a daik brown red liquid, but it communicates a perceptible yellow colour 
even to 4000 parts of water. (Yauquelm) The aqueous solution 
supersaturated with ammonia foims a pale yellow mixture, which 
becomes peifeetly colourless when exposed to light, but afterwards turns 
purple, then violet, and finally assumes a beautiful blue colour. 
(Yauquelm.) 

From an aqueous mixture of hydrochlorate of platinic oxide and 
hydrochlorate of Iridic oxide, sal-ammoniac throws down a mixture of 
chloroplatmate and chloriridiate of ammonium, and even a small quantity 
of the latter Imparts to the former a brick-red colour. (Descotils.) An 
analysis by Hermann (Fogg. 37, 408) of a mixture of this kind, from the 
Petersburg!! platinum works, containing more indium than platinum, is 
given in the following table. 
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Indium Sal-ammoniac. Crystallized 

V aucjuelin 

NH 4 C1 .. 

53 4 

23 92 


Ir 

99 0 

44 36 

.... 45 

2CI . 

70 8 

31-72 


NH 4 CljIrCl 2 

223 2 

100 00 


"Platinum-iridium Sal-ammoniac. 

Hermann. 

4NH 4 C1 

213*6 

23 92 


Pt . 

99 0 

11 09 

10 59 

3Ir 

297 0 

33*27 

31 76 

Pd . 



1 25 

8C1 

283 2 

31 72 

* 


892 8 100 00 


Iridium and Potassium. 

A., Protoxide of Iridium with Potash —When protochloride of 
Indium is boiled with potash, part of the resulting protoxide remains 
dissolved in the excess ot potash. The filtrate gradually absorbs oxygen, 
becoming first purple-red and afterwards dark blue. Also, when carbo¬ 
nate of potash is added to aqueous protochloride of iridium and potas¬ 
sium, a small quantity of the hydrated protoxide thereby produced 
remains dissolved m the excess of alkali, forming a yellowish green 
solution. (Berzelius ) 

When indium is ignited with hydrate of potash or with nitre, it 
oxidizes at the expense of the air or the nitric acid, and forms a blue- 
black powder, which, as it contains excess of potash, partly dissolves in 
water, and forms a beautiful blue solution, while anothci portion, pro¬ 
bably containing excess of iridic oxide, remains behind, but dissolves in 
hydrochloric acid, yielding a blue solution —If the metal has passed to a 
higher state of oxidation during the ignition, the aqueous solution of the 
black powder exhibits a purple colour. (Vauquelm.) 

Sesquioxide of Iridium with Potash. —1. When potash is added 
to hydrochlorate of sesqmoxide of indium, the dark brown hydrate 
thereby piecipitated always contains more or less potash (vid Hydrated 
tSesquiojude of Iridium , p. 372) —2. The compound is best obtained by 
heating indium to whiteness m contact with nitre. The fused product 
dissolves m a small quantity of lukewarm water, forming a yellowish 
brown solution, but on dilution with water, the solution deposits a larger 
quantity of oxide, after some time at ordinary temperatures, but inline* 
diately on boiling. This solution, when filtered, colours the paper green, 
and stops it up by the formation of hydrated protoxide —3 When finely 
divided indium is ignited with hydrate of potash, either mixed with 
nitre or exposed to the air, a dark yellowish brown solution is formed, 
partly soluble m water—a. The undissolved portion consists of a 
large quantity of sesquioxide and a small quantity of potash, together 
with metallic iridium and the protoxide, which remain behind on 
dissolving the sesquioxide in acids.—-/3. The solution is deep brown- 
yellow, contains a proportionately larger quantity of potash, and, when 
exposed even to slight reducing influences, deposited the [hydrated] 
protoxide, the reduction taking place the more easily as the liquid is 
more diluted (Berzelius.)—[According to Clans, however, the characters 
just described belong properly to ruthenium, the experiments of Berzelius 
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Tne solution from Which, the greater part of this salt has been preci¬ 
pitated by carbonate of potash, retains its olive-green colour at 'ordinary 
tempeiatures, but if heated for a while, it turns red and afterwards 
light-yellow. Several compounds are then formed, which separate on 
evaporation, or on mixing the concentrated solution with water, and are 
difficult to obtain m a state of purity They all contain sulphuious acid, 
chlorine, and protoxide of indium ; they are sparingly in water , give 
off sulphurous acid when heated, dissolve w T ith tolerable facility in 
hydrochloric acid, with evolution of sulphurous acid, and are thereby 
converted into easily soluble crystalline salts These compounds will be 
specially described further on. (Claus, Ann. Pharm 63, 341.) IT 

l>. With 2 At. Chloride of Potassium —1 Formed by mixing the 
aqueous solution of sesquichlonde of iridium with a quantity of chloride 
of potassium not sufficient to convert it completely into the double 
chloride, and leaving it to evaporate at oidmary temperatures or at a 
very gentle heat If the chloride of potassium be added in excess, and 
the solution warmed, it becomes dingy green, and deposits bichloride of 
iridium and potassium, while the piotochlonde of indium and potassium 
remains in solution —2 By heating a mixture of bichloride of indium 
and potassium, and finely divided indium to redness m a gla^s tube, 
exhausting the unfused mass with water, evaporating the solution— 
whereupon a small quantity of bichlonde of indium and potassium 
separates out—and evaporating the decanted liquid to a smaller bulk.— 
Brown-black (inclining to green, if mixed with piotochlonde of indium 
and potassium); amorphous, permanent in the air, easily soluble with daik 
brown colour in water, but insoluble in alcohol, which partly precipitates 
it from its concentrated aqueous solution, m the form of a brown powder; 
hence the salt may be purified by precipitation with alcohol. (Berzelius.)— 
On evaporating the aqueous solution to dryness, there is sometimes 
obtained a mixture of bichloride of iridium and potassium, and a dark 
blue or dark green chloime-salt, which, being more easily soluble, may 
be dissolved out by a small quantity of water, and fiom which potash 
precipitates the blue oxide. If chloride of potassium has been previously 
added, the liquid which stands above the bichloride of indium and potas¬ 
sium is blue or violet (green, if it contains iron), but it soon deposits 
pro tochlonde of indium and potassium, while the sesqui-chlorine compound 
remains dissolved, forming a yellowish brown solution. (Berzelius.) 



Dned at 100° 

Berzelius. 

2KC1 

149 2 

32 91 

32 00 

2Ir . 

198 0 

43 67 

43 91 

3 Cl 

106 2 

23*42 

24 09 

2KCl,Ir-Cl 3 

453 4 

100*00 

100 00 


H. Bichloride of Iridium and Potassium. —Clilorindiate of 
Potassium. —1. Formed by passing chlorine gas over a gently ignited 
and intimate mixture of finely divided iridium and chloride of potas¬ 
sium; filtering the solution to separate the unaltered iridium, dissolving 
the unfused, black-brown mass in hot water, mixing it with aqua-iegia 
(to furnish additional chlorine to any sesquichlonde of iridium that may 
be present), evaporating to dryness, extracting the excess of chloride of 
potassium by small quantities of cold water, dissolving the residue in 
boiling water; adding a small quantity of aqua-regia to the solution, and 
evaporating to the crystalline point. The blackish-brown mass may also 
be first treated with cold water to extract the free chloride of potassium 
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and afterwards with boiling water to dissolve tlio double chloride (Ber¬ 
zelius )—2. By adding chloride of potassium to an acpieous solution of 
bichloride of indium. (Vauquelm )—This compound is likewise obtained 
in the course of the analysis of platinum oie (p 262, No 27).—Small, 
sliming, reddish black, regular octohodrons, which yield a daik red 
powder. (Vauquelm )—Decrepitates when heated. (Vauquelm )—Not 
decomposed by gentle ignition, but when strongly heated, it is converted 
into sesquichlonde of indium and potassium (Berzelius), and when still 
more strongly ignited, leaves a residue of iridium mixed with chloride of 
potassium (Vauquelm ) If the compound be intensely ignited till the 
chloride of potassium evaporates, the indium remains in the form of a 
skeleton, consisting of metallic-looking scales. (Wohlei, Pogg 31, 167) 
When ignited m an atmosphere of hydrogen, it gives off 29 per cent, of 
chlonne, and is converted into a mixture of indium and chloride of 
potassium (Berzelius.) With excess of aqueous potash it behaves m the 
same manner as indium sal-ammoniac with excess of ammonia (Vau¬ 
quelm.)—Dissolves slowly in cold water, and m 15 pts of boiling water, 
fiom which only \ of the original quantity separates out on cooling 
(Vauquelm, Ann, Chun 88, 234, 90, 260 ) In the state of powder, it 
dissolves quickly m pure boiling water, forming a Lquid, which appeals 
deep led m the mass, but yellow m thin films. Does not dissolve m 
water saturated with chlonde of calcium and other salts, or m alcohol, 
and is completely precipitated fiom its aqueous solution by alcohol, m the 
form of a dark led powder, especially if the alcohol contains chloride of 
potassium m solution. (Beizelius.) 

Vauquelm. 


KC1 

74 6 

30*52 


Ii 

99 0 

40 51 

. 37 

2C1 

70 8 

28 97 


KCl,IrCl 3 

214 4 . 

100 00 



This indium-salt crystallizes in various proportions with the corre¬ 
sponding platinum-salt, with which it is isomorphous. A compound of 
this nature, examined by Heimaun (Fogg 37, 408) contained 8 per cent. 
(1 At ) of nidium and 32 per cent. (4 At.) of platinum. 

I. Terciiloride op Iridium and Potassium —When osmide of iridium 
ignited with nitre and purified as completely as possible (p 262, No. 23), 
is distilled witb aqua-regia, the residue dissolved m water m the retort, and 
the filtrate evaporated to dryness, and afteiwauls exhausted with succes¬ 
sive small quantities of water, the first solution appeals slightly coloured 
and contains scarcely anything but chlonde of potassium, the following 
solutions have a dark rose-colour, proceeding from teichloiide of iridium 
and potassium, and the last aie coloured yellow by bichloride of indium 
and potassium, the quantity of which is greater than that of either of the 
other salts. The red solutions are evaporated by themselves, the residue 
pulverized andfieed from excess of chlonde of potassium by digestion in 
alcohol of specific gravity 0*84, which thereby acquires but a very slight 
red tinge; the residual brown powder dissolved in water, and the rose- 
coloured solution abandoned to spontaneous evaporation, whereupon the 
compound crystallizes out,—This compound is not obtained by saturating 
the aqueous solution of bichloride of iridium and potassium with ehloiine 
gas, or by evapoiating it with aqua-regia or with chlorate of potash and 
hydrochloric acid,—Forms rhombic prisms with dihedral summits, which 
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are even deceptively like those of sesquichloride of rhodium and potas¬ 
sium; they are brown by transmitted, and ruby-red by reflected light. 
When perfectly dried and then heated in an atmosphere of hydrogen gas, 
it is resolved into 24 17 per cent, of chlorine, which goes off as hydro¬ 
chloric acid, 23*92 of iridium, and 5191 of chloride of potassium Its 
rose-coloured aqueous solution when repeatedly evaporated, deposits 
protochloride of iridium in the form of a green powder. Alcohol preci¬ 
pitates the compound from its aqueous solution m the form of a pale 
rose-coloured powder, a small quantity, however, remains dissolved with 
a pale red colour, and is left unaltered when the alcohol is distilled off. 
Sulphuretted hydrogen does not form an immediate precipitate m the 
aqueous solution, but only when digested with it in a stoppered bottle at 
the temperature of 60 J , and even then the precipitation is imperfect. 
(Berzelius ) 

Berzelius. 

3KC1 223 8 32 17 51 91 

Ti 99 0 23 08 23*92 

3C1 106 2 24 75 24 17 

3KCl,IrCi 3 429 0 100 00 100 00 

f Accoidmg to Claus, the compound obtained by Berzelius is really a ruthenium- 
compound, having been obt-uned from osmide of indium containing ruthenium On the 
contrary, the compound foimed by fusing pure indium with mtie, and tieating the 
product with hydiochlonc acid, contains, not teichlonde but bichloride of iridium. 
{Ann Pharm 59, 249.) % 

% K. Sulphite op Iridious Oxide with Chloride op Potas¬ 
sium. —Formed by treating the salt G (p 385) with hydrochloric acid. 
A light yellow solution is then obtained, which, on evaporation, yields 
pale yellow prisms, very soluble in water, and having an astiingent and 
somewhat sweetish taste. At a red heat, the salt is resolved into sulphu¬ 
rous acid, indium, and a mixture of chloride of potassium and sulphate 
of potash. (Claus, Ami. Fhaim 63, 354.) 


3K . . .... 

117 6 

29 79 

Claus. 

I . 

99 0 

. 25 02 

25*00 

O 

8 0 

2 02 


2S0 2 

64 0 

. 16 26 

17 33 

3 Cl 

106 2 

26 91 

26 47 

3KC1 + Ir0,280 2 . 

394 8 

100 00 



L. Chlorohyposulphate of Iridious Oxide with Sulphate op 
Potash —When the mother-liquor fiom which the following red salt M 
has separated, is evaporated to a small bulk, a mixture of the white salt 
E, with a further portion of the salt M, separates from it m the form of 
powder; and on decanting the remaining liquid, concentrating it still 
further, and mixing it with a large quantity of water, a flocky, whitish 
yellow precipitate separates out, which, if heated togetherwith the liquid, 
collects at the bottom of the vessel in the form of a dirty yellow, viscid 
mass, consisting of the salt L mixed with the white salt E. The liquid 
is then boiled till the whole is dissolved, the solution filtered hot, and 
then left to itself for seveial days, whereupon the salt L separates out in 
a state of purity, and forming a translucent mass having a fine amber 
colour and the consistence of turpentine It dries up to an amorphous, 
brittle, translucent substance, which yields a lemon-yellow powder —The 
salt is decomposed by water, part of it dissolving, and the rest being 
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converted into the white salt E, hence its pieparation presents great 
difficulty. (Claus, Ann. Pharm. 63, 351 ) 





Claus. 

J. , 

, w 

_ 

29 45 

2Ir 

19S 0 

31*42 

31 48 

20 

16 0 

2 35 

2 55 

6S0 2 

192 0 

30 46 

30 82 

Cl 

35 4 

5 61 

5 70 

4fKO.SO^ + 2IiO S-0 4 C1 

G30 2 

100 00 

100 00 


The acid supposed to be combined with the piotoxide of iiidium in 
this and the two following compounds, is formed from liyposulphuric acid, 
S 2 0 5 , by the substitution of 1 At. chlorine for 1 At oxygen. 

M. Chloro-hyposulpitate op Iridious Oxide with Chloride op 
Potassium —4KCl-h2L0,S 2 0 4 Cl —Formed by tieating the following 
salt N, with hydrochloric acid, m which it dissolves easily, forming a 
yellow solution. On evaporating the liquid, sulphurous acid is given off, 
and when a certain degree of concentration is attained, the solution 
becomes red, and yields prismatic crystals having an intense led colour 
and a diamond lustre. The salt has a sweet, astringent taste, dissolves 
readily, with a yellow colour, m water, but is insoluble m alcohol. The 
crystals when moistened with water, combine with it, become opaque, 
assume a yellow colour, and lose their lustre. When they are strongly 
heated, sulphurous acid escapes, and a residue is left consisting of indium 
and chloride of potassium. Alkalis slowly decompose tho salt, and 
aqua-regia converts it, after some time, into a salt of iridic chloride. The 
ciystals v hen diied m the air, contain 5 6 per cent of water = 4 At. 
which is expelled with difficulty at 180°. (Claus, Ann . Phaim. 63, 349.) 


Anhydi ous. Claus. 


4K. 

2Ir 

20 

2 SO 2 . .. 

5 Cl 

156 8 . 
198 0 

16 0 

64 0 
177 0 

25 65 
32*23 
. 2 66 

10 52 
... 28 91 


25 24 . 

32 22 . 
3 08 

10 23 

29 23 . 

24*30 
. 32*19 
. 4 99 

. 10 00 
. 28-52 

4KC1 + 2Ii 0,S 2 0 4 C1 

611*8 

100-00 


100 00 

. 100*00 



Ci ystalltzed . 

Claus. 

4K 

, 

156*8 

24-20 



2Ii 


198 0 . 

30 56 



20 


16 0 

2 47 



2S0 3 


64*0 .. 

. 9-88 



5 Cl 


177 0 

27 33 



4HO 


36 0 

5-56 

. 5*6 

4KC1 + 2Ii0,S-O*Cl + 4Aq. 

647*8 

100 00 




N. Chloro-hyposulpiiate of Iridious Oxide with Sulphite op 
Potash and Chloride of Potassium —This compound is obtained by 
dissolving 1 part of sesquichlonde of indium and potassium (G, a , page 
385) in 12 parts of water, mixing the liquid with a solution of ^ pfc. 
carbonate of potash previously saturated with sulphurous acid, heating 
the mixture in a porcelain basin till the olive-green colour changes to 
red, and setting it aside for a few days The salt then separates out in 
small, flesh-coloured or minium-coloured, six-sided piisms, which are par¬ 
tially decomposed by solution m hot water, but dissolve m caustic potash 
more easily than m water, forming a yellow solution which becomes dark 
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green when heated, but recovers its yellow colour on being saturated with 
nitric acid, a white precipitate being at the same time produced If the 
alkaline liquid be heated without addition of nitric acid, the blue hydrate 
of iridic oxide separates out. Aqua-regia slowly converts the salt into 
a new compound containing bichloride of indium. The salt after being 
dried in the air gives off from 14 7 to 15 per cent, of water (= 12 At.) 
at 180°. 

Claus (mean). 


4K 

156 8 

25 26 , 

25*33 

2Ir 

198 0 

31 79 . 

. 31*59 

40 

32 0 

5 14 

4 86 

4S0 3 , 

128 0 

20 70 

20*91 

3 Cl 

106 2 

17*11 

17*31 

2( t K0,S0 2 ) + 2KC1 + 2Ir0,S 2 0 £ Cl 

621 0 

100 00 

100 00 

Crystallized. 



Claus. 

4K 

156 8 

21 51 


2Ir 

198 0 

27 15 


40 

32 0 

4 37 


4S0 3 

128 0 

17 51 


3CI 

106 2 

14 56 


12HO 

108*0 

14 90 

14 75—1, 


2(KO,SO-) + 2KCI + 2Ir0,S 2 0 4 Cl + 12Aq 729 0 100 00 

The composition of this salt may likewise be repiesented by the 
formula, 4(K0,S0 3 ) -J-IrCP, according to which it might be rcgaided ns 
a compound of sesquichlonde of indium with sulphite of potash It 
appears however to contain, not the sesquioxide, but the protoxide of 
iridium, and hence the formula above given is to he preferred. The 
relation between this salt and the preceding compounds L and M, tends 
likewise to the same conclusion, for the salt M is evidently formed from 
N by the substitution of 2 At KC1 for 2 At. KO,SQ 2 (oi of 2Cl for 
2S0 3 ); and if N be legarded as a compound of 4(K0,S0 3 ) with IrCF, 
it is not very apparent why the hydrochloric should decompose only 
half the sulphite of potash contained in it The salt L is evidently 
formed from N by the substitution of 2 At sulphite of potash for 2 At. 
chloride of potassium. (Claus, Ann. Pharm. 63, 344-34S ) IT 

Iridium and Sodium. 

A. Protochloride of Iridium and Sodium —NaCl, IrCl — 
1. Formed by mixing a solution of protoclilonde of indium m hydrochloric 
acid with common salt —2. By adding sal-ammoniac to a hot concentrated 
solution of sesquichloride of iridium and sodium By this means, bi¬ 
chloride of iridium and ammonium is precipitated, while piotochloride of 
iridium and sodium remains in solution. The latter is green, and leaves, 
on evaporation a green, deliquescent, saline mass, soluble m alcohol. 
(Berzelius.) 

B. Sesquichloride of Iridium and Sodium. —Ghloriridiate of 
Sodium —Sesquichloride of iridium dissolved m water, is not decom¬ 
posed on evaporation, even with excess of common salt, (as it is with 
chloride of potassium,) but forms with it a coal-black salt, which does 
not fuse when heated, deliquesces in the air, and dissolves m water and 
alcohol, forming solutions whose colour resembles that of venous blood 
diluted with water. 
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C. Bichloride op Iridium and Sodium. —Obtained by a process 
similar to tlie fiist of those described for the pieparation of the corre¬ 
sponding potassium salt, viz, by heating a mixture of iridium and common 
salt m chlorine gas, &c —Black tables and four-sided prisms with dihedral 
summits, isomorphous with the corresponding platinum-salt, when 
heated, they leave the anhydrous salt m the form of a brownish grey 
powder. They are easily soluble m water. Sal-ammoniac added to 
the solution, throws down a precipitate of ckloriridiate of ammonium. 
(Berzelius ) 


Anhych ous Crystallized. 


NaCI 

58*6 

25*66 

NaCI 

58 6 

20 75 

Ii 

99 0 

43 34 

IrCl- 

169 8 

60 13 

2CI 

70 8 
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6HO 

54*0 

19 12 

NaCI, I r Cl 2 

228 4 

100 00 

+ 6Acp 

282 4 

100 00 


Iridium and Barium. 

When sulphate of iridic oxide is precipitated with chloride of barium, 
the sulphate of baryta canies down with it a large quantity of iridic 
oxide, in a state of intimate combination, acquiring thereby a rusty 
yellow colour. (Berzelius.) 


Iridium and Calcium. 

Milk of lime added to an acid solution of the blue oxide, throws 
down a blue compound of tlie oxide with lime. (Yauquelin.) 


Iridium and Aluminum. 

An aqueous mixture of a blue salt of iridium with alum, yields, when 
treated with ammonia or potash, a blue precipitate, less soluble in excess 
of alkali than the pure blue oxide. (Vauquelm.) 


Iridium and Chromium. 

Chromate of potash added to hydro chlorate of indie oxide, throws 
down an olive-green powder. 


Iridium and Arsenic. 

Arseniate of potash heated with hydrochloratc of iridic oxide, throws 
down a brown precipitate. (Thomson.) 


Iridium and Tin. 

Alloy of Iridium and Tin.— 1 part of iridium unites with 4 parts 
of tin, at an intense red heat, forming a dull white, easily crystallisable, 
hard, malleable alloy. (Vauquelin.) 
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Iridium and Lead. 

Alloy —1 pait of iiidiom and S parts of lead, lieated together to an 
intense red heat, unite and foim an alloy which is ductile, but much 
hardei and whiter than lead, and gives up its lead to nitric acid, the 
iridium remaining in the form of a black powder. (Vauquelm.) When 
this alloy is cupelled, the iridium is left behind in the form of a soft 
black powder. (Tennant) 

Iridium and Copper. 

Alloy.— 1 part of iridium combines at a white heat with 4 parts of 
copper, forming a ductile, pale red alloy, which is much harder than 
copper, and behaves with nitric acid in a similar manner to the lead alloy. 


Iridium and Mercury. 

Amalgam op Iridium —Sodium-amalgam immersed m an aqueous solu¬ 
tion of chloriridiate of sodium, yields a viscid amalgam, its formation being 
attended with sepaiation of gieyish black flakes and violent evolution of 
hydiogen gas The amalgam, when veiy stiongly ignited, leaves a black 
powder, from which boiling mtnc acid still extiacts a small quantity of 
mercury, leaving a residue of pure indium, soluble m boiling aqua-regia. 
(Bottger, J. pr Chim. 12, 252 ) 


Iridium and Silver 

A. Alloy —One part of iiidmm unites hut imperfectly with 2 parts 
of silver. (Yauquelin )—Tennant likewise obtained a malleable alloy, 
which, however, appeared to be only a nnxtuie. 

Chloride op Iridium and Silver. —3AgCl + IrCP—Nitrate 
of silver foims with chloriridiate of potassium, a deep indigo-colouied, 
flocculent piecipitate, which, however, becomes paler in a few seconds, 
and finally loses its colour altogether The supernatant liquid is colour¬ 
less, aud contains nitrate of potash and fiee nitric acid, hut no indium. 
The reaction, which is attended with evolution of oxygen, takes place as 
follows : 

3(AgO,NO’) + 2(KCl,IrCl=) = SAgClJr^eP + 2(KO,N0 5 ) + NO 5 + O. 

A boiling solution of chloriridiate of potassium forms the same com¬ 
pound immediately, without the intermediate production of any blue 
substance. The compound is insoluble in water and in acids, and 
sparingly soluble in caustic ammonia. If it be covered with a strong 
solution of ammonia, and allowed to stand in contact with it for a few 
days, one portion dissolves, while another portion is converted into a 
shining, crystalline powder, of a light yellow colour, with greenish 
iridescence. This crystalline powder, which, when examined by the 
microscope, appears to he composed of rhombohedrons having a diamond 
lustre, is merely the same compound m the ciystalline state. (Claus, 
Ann, Tkarm . 63, 338.) 
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Claus. 


3Ag 

324-0 . 

44 15 

46 36 

45 01 . 

... 44*00 

2Il 

198 0 . 

26 89 

25 82 

26 96 

26 90 

6CI 

212 4 

28 96 

27 82 

28-03 

29 10 

3AgCl,Ii-CP 

734 4 . 

.. 100 00 

100 00 . 

100*00 

. 100 00 y 


Iridium and Gold. 

Alloy —Malleable compound, Laving a colour not differing much 
from that of gold ; when it is tieated with aqua-regia, the iridium is 
left behind in the form of a black powder. 


Iridium and Platinum. 

Alloys. —Equal weights of the two metals foini a biittle alloy, 
capable of welding to a certain extent. (Berzelius.) The alloy of 1 pt. 
iridium and 10 platinum fused together m the flame of the oxy-hydiogen 
blowpipe, is veiy malleable, susceptible of hardening, does not tarnish, 
and when laid ujion copper, serves for metallic mirrois. (Gaudm, J po. 
Qhem 16, 55) The alloy of platinum with a few parts per cent, of 
iridium is ductile, much harder than pure platinum, and moie capable 
of resisting the action of fire and of chemical leagents (Berzelius ) 

a. Native alloy of Indium and Platinum, the so-called Native 
Iridium , fiom the Uial —Cubo-octohedions, whose specific giavity varies 
from 21 So to 22 65 and 22 8. (G. Rose^Pogg 34, 377, comp* Breithaupt, 
SchvK 69, 96 ) 

b. A mineral from Brazil, said to be an osimde of iridium. White 
round giains, of specific gravity 16 94. (Svanberg, Jahresbericht. 15, 
205.) 

Svanberg. 



a 

b. 

Pt . .. . 

... 19 64 

55*44 

Pd 

0 89 

. 0-49 

It 


6 86 

II 

. 76 85 

27 79 

Os 


trace 

Fe 


4 34 

Cu 

1-78 

3 30 


99 16 

98 05 


Iridium likewise combines with Osmium . 
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Chapter XLIIL 

RUTHENIUM. 


Claus. Pogq 64, 192, and 624, 65, 200; abstr. Ben. Jahresb. 25, 205; 
Ann Pharm. 5G, 257 .—Fuitker, Ann Pharm. 59, 234—Further, 
Ann Pharm 63, 259. 


History Osann, in 1S28, ( Pogg . 14, 329,) described Ins expeiiments 
with the lesidue of Sibeiian platinum ore, aftei treatment with aqua- 
regia, and thought that he had discovered m it two new metals, one of 
which he called Pleuranium 9 and the other Bnthe?num. This investiga¬ 
tion, which led to no definite results, was afterwards taken up by Claus, 
who succeeded m denonstratmg the existence of one new metal in the 
platinum residues. To this nmtal he gave the name of Ruthenium , 
because it occurred in small quantity m the substance which Osann had 
distinguished by the name of oxide of ruthenium, which, however, Claus 
found to consist for the most part of silica, titanic acid, feme oxide, and 
zirconia. The new metal has since been more particulaily examined by 
Claus, to whom indeed we are indebted for all that is at present known 
on the subject. 

Source s. In platinum ore, both Russian and American, but m quantity 
not exceeding 1 or per cent. It forms part of the native osmide of 
iridium, m which it is associated with platinum, rhodium, iridium, and 
osmium. The different varieties of this mineral analyzed by Claus, con¬ 
tained from 3 to 6 per cent, of ruthenium, 10 platinum, 14—2 rhodium, 
together with traces of copper, iron, and palladium. The h ite discoveied 
by Hermann likewise contains 3 per cent, of ruthenium, together with 
rhodium, platinum, indium, osmium, ferrous oxide, chromic oxide, 
alumina, silica, and iridic oxide. Ruthenium is not found m the 
portion of the platinum ore w T kich is soluble in aqua-regia. 

Preparation . a. Glaus’s original method . (Pogg 65, 200.) — 

I. Fifteen pounds of platinum residue were mixed with nitre, (each pound 
of the former with 2 lbs. of the latter,) the mixture fused for two hours 
at a strong heat in a hessian crucible, and the fused mass, after cooling, 
pulverized and exhausted with water. The brown-red solution contained 
chromate, osmiate, silicate, lridiate, rutheniate, and titanate of potash, 
(the quantities according to the preceding order,) together with nitrate of 
potash and free alkali. 

2. The greater part of the ruthenium, however, remained in the 
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residue which was left after treating the fused mass witli water Tins 
residue was mixed in a retort with, lialf its weight of aqua-rcgia and a 
little water, and the liquid distilled nearly to dryness, whereupon osmic 
acid passed over into the receiver. The contents of the letort were 
exhausted with water, and the solution filtered, the insoluble residue (a) 
weighed 11^ lbs 

3. The filtered liquid treated with carbonate of potash yielded a 
precipitate of ferric and ruthenic oxide, from the solution of which in 
hydrochloric acid, zinc threw down a small quantity of ruthenium; but 
the greater part remained m the liquid, together with the oxides of iron 
and zinc 

4 The brown alkaline solution from which the ferric and ruthenic 
oxides had been precipitated, became nearly colourless when left to 
stand m wooden vessels, and, if afterwards mixed with potash-ley, 
yielded a white precipitate, which turned brown after a while, but became 
white again when dry. Hydrochloric acid extracted from it a metallic 
oxide, which gave a green colour to the liquid, while titaniferous silica, 
together with alumina, remained undissolved. The hydrochloiic acid 
solution assumed an orange-yellow colour when boiled with nitric acid, 
and blue when treated with sulphuretted hydrogen. 

5. The alkaline solution (4) was evaporated m an iron vessel, where¬ 
upon a large quantity of blue oxide of indium separated out This was 
dissolved m aqu-regia, the indium precipitated from the concentrated 
solution by means of chloride of potassium, the mother-liquor evaporated 
to dryness, and the residue reduced with hydrogen The metallic powder 
thereby pioduced contained an alloy of indium and iiithenium, together 
with a small quantity of rhodium. 

6. This metallic powder, together with a portion of the black powder 
(2, a) insoluble in aqua-rcgia, which still contained consideiahlc quantities 
of indium, chrome non oie, silicates, ruthenium, and ihodiinn, was then 
mixed with its own weight of nitre, and fused for two hours at a white 
heat—the cooled mass exhausted with distilled water—and tlie oiange- 
yellow solution, mixed with a very small quantity of nitric acid, which 
threw down a bulky, velvet-black precipitate of impure ruthemate of 
potash containing silica The concentrated hydrochloric acid solution of 
this compound, freed from silica by careful evaporation and xe-solutioii 
in water, deposited, when mixed with chloride of potassium, a piecipitate 
of sesquichloride of ruthenium and potassium, and, on heating this 
precipitate in an atmosphere of hydrogen, and dissolving out the chloride 
of potassium by water, the metallic Ruthenium was obtained in the form 
of a dark grey powder. 

h. Oleum's more recent method . {Ann. Pharm . 59, 234.) — Osmido 
of indium is pulverized as finely as possible in a cast-iron moitar, the 
particles of iron which are rubbed off the mortar, dissolved out by 
hydrochloric acid, and the remaining metallic powder mixed with common 
salt, and heated to low redness in a current of moist chlorine gas The 
disintegrated mass is then digested m cold water, and the concentrated 
solution, which is brown-red and almost opaque, mixed with a few 
drops of ammonia, and heated in a porcelain capsule, whereupon it 
deposits a copious black-brown precipitate, consisting of sesquioxule of 
ruthenium and osmic oxide. This precipitate, alter washing vith a 
sufficient quantity of nitric acid, is heated in a retort, till all the free 
acid has passed over, and the osmium is expelled m the form of osmic acid. 
The contents of the retort are then taken out and ignited for an hour in a 
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silver crucible vith caustic potasb free from silica^ and tbe ignited mass 
softened and dissolved by cold distilled water. Tbe solution is left in a 
corked bottle for two hours to clarify; tbe perfectly tianspaxent liquid, 
which has a beautiful orange-yellow colour, separated by a syphon Horn 
tbe unditosolved portion, and tbe alkaline solution neutralized with nitric 
acid. Yelvet-black sesquioxide of ruthenium is then deposited, and this, 
when washed, dred, and ignited in an atmosphere of hydrogen, yields 
peifectly puie metallic Ruthenium. This mode of separating ruthenium 
from all the other platinum metals, except osmium, is based upon the 
property possessed by the sesquichlonde of ruthenium, of splitting up, 
when heated, into free hydrochloric acid and sesquioxide of ruthenium. 
Osmic oxide mixes with the oxide of ruthenium, because the solution 
contains bichloride of osmium, which is decomposed m a similar manner. 
Not more than a third of the osnude of iridium is decomposed by the 
above-described treatment with ehloime gas; to obtain complete decom¬ 
position, therefore, the process must be repeated three or foui times. 

Properties . Ruthenium obtained by the hist of the above processes 
is a dark giey powdei, by the second process, it is obtained m small, 
angular, porous lumps, having a vkitisk grey colour and metallic lustre, 
and beaiing a strong resemblance to indium. Very brittle. Specific 
gravity S 6 at lb°. This is much less than the density usually attributed 
to indium (p. 370); it is probable, liowmver, that the two metals do not 
really differ much m density, for a specimen of porous iridium prepared 
from the blue oxide by reduction with hydrogen, bad a specific giavity 
of only 9*3. Ruthenium does not fuse even in the flame of the oxy- 
hydrogen blowpipe. 


Compounds of Ruthenium* 

Ruthenium and Oxygen. 

Tbe affinity of ruthenium for oxygen is greater than that of any of 
the other platinum-metals, except osmium. When heated to redness in 
the air, it oxidizes readily, and is converted into a bluish black oxide, 
which does not part with its oxygen at a white heat. The metal is 
nearly insoluble in acids, even aqua-regia dissolving but a trace. It is 
not dissolved by fused bisulphate of potash. By fusion with nitre, how¬ 
ever, it is converted into a blackish green mass, which, when treated 
with water, yields an orange-yellow solution of rutheniate of potash; 
and this when mixed with acids, yields a precipitate of black ruthemc 
oxide. Caustic potash, at a red heat, dissolves the metal as easily as 
nitre. 

A. Protoxide of Ruthenium, or Ruthenious Oxide. RuO. 

Formed by strongly heating a mixture of 1 At. bichloride of ruthe¬ 
nium, and rather more than 3 At. carbonate of soda m a stream of 
carbonic acid gas, and removing the soluble salts from the product by 
digestion in water. The protoxide then remains in the form of a blackish 
grey, metallic powder. It is anhydrous, and is reduced by hydrogen gas 
at ordinary temperatures. Contains 13*4 per cent, of oxygen. 
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Ru , 52 1 B6 G9 86 6 

O 8 0 13 31 13*4 

~RuO „ 60*1 100 00 I! 100*0 

The compounds of this oxide have not been much examined The 
hydrate has not yet been obtained; its preparation would probably be as 
difficult as that of hydrated protoxide of iron. The oxide is insoluble 
in acids, and consequently its salts cannot be directly formed. A soluble 
protochloride appears, however, to be obtained by the action of sulphu¬ 
retted hydrogen and other reducing agents on the sesquichloride (p. 400). 

B. Sesquioxide of Ruthenium. Ru 2 0\ 

Pulverulent ruthenium, strongly heated before a powerful blowpipe, 
turns black, and rapidly absorbs oxygen, 100 parts of the metal increasing 
to 118 parts, afterwards the oxidation slowly proceeds further, till the 
oxide acquires a blackish blue colour, and contains 23 or 24 parts of 
oxygen to 100 parts of metal, which is about the proportion required for 
the sesquioxide 

Claus. 

2Ru . 104 2 .... 81*16 81 33 ^ 80 64 

30 24 0 18*84 18 67 19 36 

Ru-O 3 " 128 2 . 100 00 lOO^OO 100 00 

This oxide, when ignited for a long time, increases still further in 
weight, but the quantity of oxygen absorbed is never sufficient to form 
the bioxide 

Combinations — a . With Water.— Hyjdrated Sesquioxide of Ruthe¬ 
nium.— 1. Formed by precipitating a solution of the sesquichloride with 
an alkali; the precipitate requires very careful washing, but even then it 
retains 2 or 3 per cent, of alkali.—2 By precipitating rutheniate of 
potash with nitric acid (p. 401).—3. The aqueous solution of the sesqui¬ 
chloride is resolved by heat into free hydrochloric acid and the hydiated 
sesquioxide. Black-biown powder, which becomes suddenly incan¬ 
descent when heated. Hydrogen gas reduces it imperfectly at ordinary 
temperatures. It is insoluble m alkalis. 

Ru 2 0 3 . 128 2 . 82 60 

3HO . 27*0 17 40 

Ru 2 0 3 + 3Aq . 155*2 100 00 

1 ) With Acids, forming the Salts of Sesquioxide of Ruthenium_ 

The hydrated sesquioxide dissolves m acids, forming orange-yellow 
solutions. A solution of this oxide m hydrochloric acid exhibits the 
following characters with reagents.—Sulphurous acid decolorizes it after 
long-contmued action.—Hydrosnlphuric acid partly precipitates the metal 
in the form of a black sulphide, and at the same time reduces the sesqui¬ 
chloride to protochloride, the reductiou being accompanied by a change 
of colour from orange-yellow to a fine azure blue. This reaction affords 
a very delicate test of the presence of ruthenium in any of its compounds. 
To obtain it, the compound must be fused at a strong heat in a platinum 
spoon with a large excess of nitre, the heat being continued till the 
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ignited mass no longer froths, but fuses quietly it is then left to cool, 
and dissolved in a small quantity of water. The orange-yellow solution 
(containing ruthemate of pota^li) yields, on tlie addition of two drops of 
nitric acid, a bulky black precipitate of sesquioxide of ruthenium, and 
on adding hydrochloric acid to the liquid, and heating it m a porcelain 
capsule, the precipitate dissolves, and the solution, when concentrated, 
assumes a fine orange-yellow colour. Lastly, on passing sulphuretted 
hydrogen through this solution till it becomes nearly black, and filtering, 
a filtrate is obtained, exhibiting the splendid blue colour above mentioned. 
Two milligrammes of the metal are sufficient for the production of this 
reaction —Zinc likewise reduces the orange-yellow sesquichlonde to the 
blue protochlonde —Hydrosulphate of ammonia precipitates the greater 
part of the ruthenium m the form of a black-brown sulphide, which is 
not peiceptibly soluble m excess of the reagent —Alkalis, both caustic^ 
and in the state of carbonate, immediately throw down a black-brown 
precipitate of sesquioxide of ruthenium, soluble m an excess of the 
reagent, a portion of the metal, howevei, remains in the solution. 
Phosphate of soda produces the same reaction —Borax forms no pre¬ 
cipitate at first, but, on heating the solution, the bydiated sesquioxide is 
precipitated.—Chloride of potassium and chloride of ammonium produce 
dark blown, crystalline piecipitates, hut only m very conceutiated solu¬ 
tions.—Foimiate of soda does not pieeipitate the metal, hut merely 
decolorizes the solution—Oxalic acid acts m a similar manner—Feno- 
cyanide of potassium decolorizes the solution at first, but afterwards 
turns it blue —Cyanide of mercuiy colouis the solution blue, and throws 
down a blue precipitate.—Nitrate of silver foims a black precipitate, 
which afterwards turns white, the solution at the same tune becoming 
rose-coloured. This reaction is very delicate The black precipitate is 
a mixture of chloride of silver and sesquioxide of ruthenium, it dissolves 
partially m the course of 24 hours, the oxide of ruthenium dissolving in 
the free mtiic acid (probably vvith loss of oxygen), and forming a 
cherry-red solution, while the chloride of silver remains behind m the 
foim of a vhite residue. On adding excess of ammonia to the liquid, the 
chloride of silver dissolves, and black sesquioxide of ruthenium remains 
behind. (Compare the reaction of nitrate of silver with iridic salts, 
p 392.) 

C. Bioxide of Ruthenium, or Ruthenic Oxide, RuO 2 . 

1. Formed by roasting and igniting the bisulphide.—2 By strongly 
igniting the bisulphate of ruthenic oxide, RuO 2 , 2S0 3 —When prepared 
by (1), it forms a black-blue powder, inclining to green, by (2), small 
grey particles, with metallic lustre and bluish or greenish iridescence 


Ru , » , 

. . 52*1 

76 5(1 

Claus, 
76 51 

20 

. 16 0 

23 50 

2J 49 

RuO- 

68-1 

. 100 00 

100 00 


The Hydrate of lluthemc Oxide is obtained in tbe form of a gelatinous 
precipitate, when a solution of bichloride of ruthenium and potassium is 
mixed with carbonate of soda and evaporated. The precipitate, which 
retains a considerable quantity of alkali, is yellowish brown while moist; 
but after drying, it has the colour of impure rhodic oxide. When 



RUTHENIUM AND SULPHUR. 


399 


heated in a platinum spoon, it deflagrates with vivid incandescence, and 
is scatteied about. It appears to contain 2 At water Ru0 2 -j-2Aq. 

The Salts of Ituthen ic Oxide are obtained m the state of solution by 
digesting the hydrated oxide in acids. The solutions are yellow, but 
become rose-coloured when concentrated by evaporation 

D Ruthenic Acid. RuQ 3 

Known only in combination with potash, it appears, indeed, to be a 
very instable compound, being easily resolved into oxygen and ruthemc 
oxide. 


Ruthenium and Sulphur. 

A. Sulphides op Ruthenium —Ruthenium probably forms with 
sulphur a number of compounds exactly conesponding to the oxides, but 
the prepaiation o{ these sulphides is attended with many difficulties. 
Pulverulent ruthenium and sulphur heated togethci m an atmosphere of 
carbonic acid, exhibit no sign of chemical combination The sulphur 
distils off, and the ruthenium gams only 2 or 3 per cent, m weight. 
Moreover, the precipitates fonned by passing sulphuretted hydrogen 
thiough the solutions of the several cbloiides of ruthenium, do not 
correspond m composition to the chlorides fiom winch they are produced; 
they alwmys contain too much sulphur, and are m all probability mix¬ 
tures of the definite sulphides -with sulphur. The analysis of these com¬ 
pounds is very difficult They are very apt to oxidate m drying, being 
thereby converted into sulphates When they are heated, to drive off 
water, they explode slightly ivith incandescence, and when tieated with 
fuming nitric acid, they oxidate, with emission of sparks and slight 
explosion. Nitric acid of oidinary strength dissolves them readily, hut 
the precipitate produced on adding a baiyta-salt to the solution, always 
carries down with it a certain quantity of ruthenic sulphate, which cannot 
be removed by any solvent whatever. 

When the sulphide obtained by precipitation from the sesquichloride 
is heated m a bulb-tube through which carbonic acid is passed, incan¬ 
descence and explosion aie produced, sulphur and water pass off, and the 
remaining blackish giey, metallic powdei, yields, on analysis, results 
corresponding to the formula Ru 2 S 3 .—The sulphide which is precipitated 
on passing sulphuretted hydrogen for a short time through a solution of 
the sesquiehlonde, often contains 3 At sulphur to 1 At. ruthenium; hut 
if the gas be passed through the solution for several hours, a yellowish 
brown sulphide is obtained, having the composition RuS 2 . Fiom the blue 
chloride, sulphide of ammonium throws down a precipitate which appears 
to be composed of Ru 2 S 5 .—None of these results, however, can yet be 
looked upon as satisfactorily established. 

B. Sulphate of Ruthenic Oxide, or Ruthenic Sulphate.— 
RuO 2 , 2S0 3 .—When the sulphide of ruthenium obtained by treating the 
sesquichloride with sulphuretted hydrogen, is digested in nitric acid of 
ordinary strength, an orange-yellow solution is obtained, -which, when 
evaporated to dryness, yields a yellowish brown, amorphous mass, resem¬ 
bling mosaic gold, when reduced to powder It is deliquesent, has a 
sour, astringent taste, and dissolves readily in water. Alkalis added to 
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th© solution do not form any precipitate at first; but, on evaporation, a 
yellowish brown, gelatinous precipitate is obtained, consisting of hydrated 
ruthenie oxide, and presenting a most striking resemblance to impure 
rhodic oxide. In the solution of the salt, sulphuretted hydrogen does not 
produce any blue reaction. 

Ruthenium and Chlorine. 

Ruthenium, under certain circumstances, forms a series of chlorides, 
exhibiting a succession of prismatic colours, viz., green, blue, violet, 
purple-red, cherry-red, and orange-yellow. 

A* Protochloride op Ruthenium —RnCl —Ruthenium, at a low 
red heat, is slowly attacked by chlorine, and converted into protochloride. 
On placing the metal m a bulb-tube, igniting it over the flame of an 
argand spirit-lamp, and passing diy chloride gas over it, a yellow fume 
(probably consisting of the highest chloride, which Is volatile), is first 
produced and carried forward by the stream of gas, the metal at this stage 
not undergoing any alteration of appearance or perceptible increase of 
bulk, but at a later period, a small portion of sesqmchlonde sublimes, 
and the metal turns black, and in the couise ot two hours, is converted 
into a black and partly crystalline chloride. Frequently, however, the 
conversion is not complete in the fiist process, and to saturate the metal 
completely with chlorine, it is necessary to pulverize the pioduct, and 
repeat the process. The product of this second operation always gives, 
on analysis, results corresponding with the above formula 

Protochloride of ruthenium obtained in the manner just described is 
insoluble in water and in acids ; water, however, extracts from it a trace 
of sesquichloride. A solution of caustic potash likewise acts but slightly 
upon it, even when evaporated to dryness with it When the residue of 
this last operation Is washed with water, and then digested m hydro¬ 
chloric acid, a small quantity of oxide is dissolved out, and the acid 
assumes the colour of the sesquiehloridc. 

Aqueous Pvoiocldonde of Ruthenium , or Hydrochlorate of Ruthenious 
Oxide —When sulphuretted hydrogen is passed for some time through a 
solution of sesqmchlonde of ruthenium, a black-brown sulphide is preci¬ 
pitated, and the liquid acquires the fine azure-blue colour, already men¬ 
tioned (p. 398). The excess of sulphuretted hydrogen may be expelled 
by passing a current of air through the liquid; and the blue solution 
which then remains, appeals to consist of protochloride of ruthenium, with 
excess of hydrochloric acid. The composition cannot be determined by 
direct analysis, because the compound is very liable to decompose and pass 
to the state of sesquichloride, and therefoie cannot be obtained either m 
the solid state, or in the form of a crystalline double salt. The preceding 
supposition as to its constitution, is, however, rendered highly probable 
by the following considerations. 1* Sulphuretted hydrogen exerts a 
reducing action on the chlorides of other platinum metals; 2. The 
sulphide which is precipitated m the formation of the blue ehloride 
contains, not 3 At. sulphur to 2 At. metal, hut 2 At. sulphur, or even 
more, to 1 At. metal; 3. The sesquichloride Is turned blue by other 
reducing agents, such as zme; 4. When the solution of the sesquichloride 
is evaporated, and the residue heated, it turns green, and exhibits isolated 
blue spots; this method does not, however, yield a pure protochloride. 
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because part of tlie salt is converted into a basic compound—Alkalis 
added to the solution of tlie blue chloride, throw down a precipitate of 
the sesquioxide, just as solutions of the lower chlorides of indium, when 
similarly treated, yield a precipitate ot bioxide of iridium (p. 873). 

B. Sescluichloride op Ruthenium —Ru 2 CP.—Foimed by dissolving 
tlie sesquioxide of ruthenium (obtained by precipitation fiom ruthcniate 
of potash) in hydiochlonc acid, and evaporating to dryness. The residue 
is deliquescent, has a stiongly astringent but noil-metallic taste, like that 
of tannic acid, and dissolves m water and alcohol, forming beautiful 
orange-colouied solutions, but leaving a yellow basic compound undis- 
solved. When heated, it turns green and blue, as above described. A 
dilute solution of the sesquiehloride is resolved by heat into hydrochloric 
acid, and the hydrated se&quioxide (p. 397) The same change is produced 
in a few days at ordinary temperatures, but less completely. 

2Ru 104 2 49 51 

3Cl 106*2 50 49 

Ru*Cl 3 . 210*4 . 100 00 

C Bichloride of Ruthenium. —RuCP.—Not known in the separate 
state, but occurs in combination with chloride of potassium It exhibits 
a rose-colour, similar to that of the salts of sesquichlonde of rhodium. 

Ruthemum and Nitrogen. 

Sesquichloride of Ruthenium and Ammonium. —Formed by mixing 
a strong solution of the black sesquioxide m hydrochloric acid with 
sal-ammoniac, and concentrating by evaporation, with addition of a small 
quantity of nitric acid.—Similar in form and properties to the corre¬ 
sponding potassium-salt. In the crystallized state, it does not dissolve 
readily in water, but nevertheless crystallizes with difficulty from its 
solutions, and only when they are concentrated. When ignited m an 
atmosphere of hydrogen, it leaves 32*7 per cent, of metal. 


2N ... 

. 28 0 

8 83 

Claus. 

8H . .. 

8 0 

2 52 


2Ru 

104 2 . 

32*85 . .. 

32 7 

5 Cl 

. 177*0 

55*80 


2NH 4 Cl,ltu 2 Cl 3 

317 2 .. 

100*00 



Ruthenium and Potassium, 

A. Rutheniate of Potash. — Basic .—Formed by igniting ruthenium 
with a mixture of potash and nitre or chlorate o i potash. The product, 
when treated with water, yields a line orange-yellow solution, having a 
strongly astringent taste, like that of tannic acid. This solution is 
neutral, provided the potash and nitie have not been added m excess. 
It colours organic substances black, by coating them with oxide reduced 
from the acid. Acids added to the solution immediately throw down a 
black oxide, which contains potash, if the solution has not been completely 
neutralized by the acid j but if the acid has been added in slight excess, 
the precipitated oxide contains a small quantity of acid. Ii sulphuric 
acid has been used for the precipitation and added in excess, the metal 
VOL. VI. 2 D 
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obtained by reducing tbe resulting oxide contains a small quantity of 
sulphide ot ruthenium, which is but very slowly decomposed by gentle 
ignition in an atmosphere of hydrogen The precipitated oxide appears 
to be the hydiated sesquioxide, for it yields the sesquichlonde when 
dissolved in hydrochloric acid 

B, Sulphite op Ruthenious Oxide and Potash.— Sulphurous acid 
exerts but little action upon sesquichlonde of ruthenium and potassium 
at ordinary temperatures. When its aqueous solution is poured upon the 
pulverized salt, scarcely anything is dissolved, but the salt becomes cream- 
coloured on the surface. When the solution of the double chloride is 
heated with sulphite of potash, it does not lose its colour, but assumes a 
deeper red tint, and deposits a small quantity of a cream-coloured, 
pulverulent precipitate On evapoiatmg to dryness, redissolving and 
again evaporating, a further quantity of the same precipitate is thrown 
down, the liquid all the while retaining a deep orange-colour. 


KO 

47 2 

27 52 

Claus. 

27*54 

Ru 

52 1 

30 37 

29 21 

O 

8 0 

4 71 

5 01 

2S0 2 . 

64 0 

37 40 

38*24 

K0,S0 2 + Ru0,S0 2 

171 3 

100 00 

100*00 


When the evaporation and re-solution are very often repeated, a 
nearly white precipitate is at length obtained, which probably corresponds 
in composition to the white salts of the other platinum-metals (pp. 321, 
384); but the quantity obtained was too small for analysis. 

C. Sesquichloride of Ruthenium and Potassium. —The prepa¬ 
ration of this compound has already been described (p 395). It forms 
a crystalline powder, which has a brown colour with a play of violet, and 
when examined by the microscope, appears to be composed of small, 
shining, orange-yellow, transparent cubes, of a line In diameter When 
reduced to a finei state of division by trituration, it assumes a yellowish 
brown colour. Its taste is bitter, but not metallic. It is somewhat 
sparingly soluble in cold water, more readily in boiling water; insoluble 
in alcohol of 80 per cent, resembling in this respect the corresponding 
salts of the other platinum-metals Nevertheless, the salt is but partially 
precipitated by alcohol from a concentrated aqueous solution. Moreover, 
when a solution of this salt, mixed with the chloride of another metal, 
which is soluble in alcohol, is evaporated to dryness, and the residue 
digested with strong alcohol, a quantity of the ruthenium salt is dissolved, 
greater in proportion to that of the other chloride present Tb is property 
is likewise possessed by those double chlorides of other platinum metals 
which are difficultly soluble in alcohol, e. g,, the sesquichlonde of rhodium 
and sodium. Crystallized sesquichloride of ruthenium and potassium is 
nearly insoluble m a concentrated solution of sal-ammoniac, which solution 
may therefore he advantageously used to wash it and free it from chloride 
of potassium, the sal-ammoniac Itself being aftei wards removed by alcohol, 
in which it is very soluble. 

A neutral aqueous solution of this salt decomposes very readily, 
especially when heated, becoming darker, and finally black and opaque’ 
and depositing a black bulky precipitate, probably a basic compound, 
while the liquid still remains turbid and dark-coloured. The presence of 
free acid prevents the decomposition. In the decomposed state just 
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described, the salt bas an uncommonly strong colouring power, in con¬ 
sequence of tlie extremely minute division of the precipitate, which 
remains floating m the liquid and colours it A milligramme of the salt 
dissolved in 4 grammes of water foims at first a slightly yellow-coloured 
liquid, but on heating this solution, it becomes as black as ink, and may 
then be diluted with 30 grammes of water, without much diminution of 
intensity. Now the salt contains only 28*9 per cent, of ruthenium; 
hence 1 part of that metal is capable of imparting to more than 100,000 
parts of water, a colour almost as deep as that of a pale ink; the colour, 
however, inclines somewhat to brown. Ammonia added to a solution of 
the double chloiide throws down a black precipitate, which contains 
chlorine and ammonia, and, when dissolved in hydrochloric acid and 
afterwards evaporated to dryness, yields a dingy green, salme mass. On 
dissolving this mass in water, an opaque, blackish cherry-red liquor is 
obtained, which, when mixed with a small quantity of nitric acid and 
evaporated, assumes a succession of tints, passing through violet, blue, 
purple-red, cberry-red, brown, and finally becoming orange-yellow. 
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The potassium was estimated as chloride, and the chlorine in combination with the 
ruthenium estimated by loss Direct determinations of this portion of chlorine by pre¬ 
cipitation with nitrate of silver gave results more than 1 per cent, too low, showing that 
the salt contained water —It was from the analysis of this salt that the atomic weight of 
ruthenium was hrst determined. 

13. Bichloride of Euthenium and Potassium —KC1; BuCP.— 
Formed by treating the salt C with aqua-iegia, or with a mixture of 
hydrochloric acid and chlorate of potash. With aqua-regia the conversion 
is very slow and incomplete; and when the mixture of hydrochloric acid 
and chlorate of potash is used, the greater part of the ruthenium is 
converted into a volatile chloride (probably BaCl 3 ), which passes off with 
the watery vapour. The salt was once obtained accidentally on preci¬ 
pitating the oxide of ruthenium from a solution of rutheniate of potash, 
with a quantity of nitric acid larger than necessary. The filtered liquid 
was brown, and when mixed with a little hydrochloric acid and evapo¬ 
rated. yielded at first a large quantity of nitre; but on further evaporating 
the rose-coloured mother-liquid, a red salt crystallized out, which, when 
washed, first with sal-ammoniac, and then with alcohol, proved to he the 
compound D m a state of purity. 

The crystals of this salt are so small, that their form cannot he 
distinguished with the naked 'eye; but when magnified 300 times (in 
linear dimension), they are seen to be perfectly transparent, lose-coloured 
prisms, with acuminated summits, and apparently belonging to the rhom- 
bohedral system. The salt is easily soluble m water, insoluble m alcohol 
of 70 per cent., and dissolves very sparingly in a concentrated solution 
of sal-ammoniac. Its solution is rose-coloured, with a play of violet, and 
is undistingui&hable in appearance from that of the sesquichionde of 
rhodium and sodium. Sulphuretted hydrogen affects it but slightly, the 
liquid, after a while, depositing a small quantity of brown sulphide, but 
without losing its red colour, or exhibiting any trace of the blue reaction, 
which is produced, under similar circumstances, in solutions of the sesqui- 

2 D 2 



chloride Alkalis added to a solution of the salt produce no immediate 
precipitate, but the liquid, when evaporated, deposits a yellowish 
brown hydrated oxide, winch contains a large quantity of alkali, and 
when heated m a platinum spoon exhibits sudden incandescence, attended 
with slight explosion. A concentrated aqueous solution of tlm salt is 
but partially precipitated by alcohol, the* greater part remaining dissolved 
in the liquid, which retains its rose colour The solution is not reduced to 
the state of a lower chloride by evaporation. 


K . ... 
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.. 197 5 

.. 100 00 


Ruthenium and Sodium. 

Sesquichloride of Ruthenium and Sodium ?—This compound was 
not obtained m a definite crystalline form, and therefoie could not be 
accurately analysed It forms a semi-crystallme, deliquescent mass, 
easily soluble m alcohol. When strongly heated, it dried up, but at the 
same time turned partly green and blue, behaving, in fact, like a mere 
mixture of common salt and sesquichloride of ruthenium. 


Ruthenium and Barium. 

Sesquichloride of Ruthenium and. Barium ?—A solution containing a 
mixtuie of chloride of barium and sesquichloride of ruthenium, behaves 
like the sodium-salt. Alcohol extracts the chloride of ruthenium from it, 
and leaves the chloride of barium undissolved. 

Ruthenium likewise combines with iridium and osmium, the compound 
existing, in fact, in platinum ore. IT 
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OSMIUM. 


For the Literature , vid. Iridium; also 

Fiitzsclie & Struve.—Osmiamic Acid (Osman-Osmiumsaure), J.pi\ Chem. 
41, 97; abstr. Ann. Fharm 64, 263, Jahresber . L <k AT, 1847—8, 
461, also, with observations by Gerhardt; Compt. rend . £r<m ctoz., 
1847, 304. 


History , vid. Iridium . 

Sources* The same as for iridium, with the exception of (3) p. 369. 

Preparation. Vid Analysis of Platinum ore (pp. 238, 259, No* 
18—26; pp. 262—264, No. 23—28, pp. 265, 266, No. 23—28; p. 266, 
No. 2, pp. 268—270, No 1—5, p 270, No. 1—6; p. 271, c ).— 1. By 
heating sesquicliloride of osmium and ammonium (previously mixed with 
at least one-third of its weight of sal-ammoniac, to prevent intumescence) 
in a retort, till the bottom of the retort becomes red-hot, and no more 
sal-ammoniac passes over. (Berzelius, p. 263, No. 28, /3.)—2. By causing 
heated osmic acid to volatilize in a current of hydrogen gas, and pass¬ 
ing the gaseous mixture through a tube, one part of which, an inch 
in length, is kept at a led heat; at that part, the osmium is deposited in 
the form of a compact ring. (Berzelius )—3. Aqueous osmic acid mixed 
with hydrochloric acid, is precipitated by mercury, and the precipitate 
heated m an atmosphere of hydrogen. (Berzelius, p 263, No. 28 )— 
4. Or it is precipitated by zinc. (Vauquelin, p. 259, No. 26 ) 

Properties. By (1): Loosely coherent, porous mass, having a blue 
greyish white colour and strong metallic lustre.—By (2): Compact mass, 
in thin lammse slightly flexible and elastic; has the lustre of osmide of 
iridium, and a specific gravity of about 10 0. In the perfectly coherent 
state, however, it would probably be much heavier, vid. Osmide of 
Iridium. —By (3): Black powder, which acquires the metallic lustre "when 
pressed, and has a density of about 7*6 (Berzelius)—By (4)* Black 
powder, which, under the burnishing steel, acquires metallic lustre and 
the colour of copper. (Vauquelin )—Does not fuse or volatilize, when 
heated to whiteness in a hollow m a piece of charcoal. (Tennant.) 

Compounds of Osmium. 

Most compounds of osmium may he recognized hy their property of 
giving off osmic acid, when heated on platinum-foil before the blowpipe 
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with a small quantity of carbonate of soda; the osmic acid may bo known 
by its odour, and by tbe luminosity which it imparts to the flame of 
alcohol. (Berzelius.) 


Osmium and Oxygen. 

A. Protoxide of Osmium, or Osmious Oxide OsO. 

Obtained by gently igniting the hydrate of osmious oxide in a close 
vessel. (Berzelius). 

Os . 99 92 52 

O . . 3 7 48 

OsO . 107 100 00 

(OsO = 1244 487 +100 — 1344*487. Berzelius ) 

Hydrate of Osmious Oxide —The aqueous solution of protochloride 
of osmium and potassium, gradually becomes turbid on being mixed with 
potash, and after a few hours deposits a greenish black hydrate of osmious 
oxide, which, however, contains a quantity of potash not to be extracted 
by water. The filtrate contains a small quantity of osmious oxide in 
solution, which gives it a gieemsh yellow colour. The hydrate heated to 
commencing redness m close vessels, gives off its water without any osmic 
acid, when heated with combustible bodies, it detonates, and yields 
reduced osmium. When immersed m hydrogen gas at ordinary tem¬ 
peratures, it becomes heated, and yields water and metallic osmium. 
(Berzelius.) 

Osmious Salts. —The hydrate dissolves in acids slowly hut completely 
forming blackish green solutions. (Berzelius.) 


B. Sesquioxide of Osmium ? 0s 2 0 3 . 
Not known in the separate state. 


20s . 198 ... 89*19 

30 . 24 10*81 

0s 2 0 3 . ... 222 100 00 


(0s 2 0 3 = 2 • 1244 487 + 300 = 2788 973. Berzelius ) 

The solutions of ammonio-sesquioxide of osmium in acids are yellowish 
brown, or when nearly saturated, black-brown.—On mixing the aqueous 
solution of sesquichloride of osmium and potassium with potash, it 
assumes a fine purple-brown colour, after digestion for some time, it 
deposits the hydrated protoxide, while teroxide of osmium remains dis¬ 
solved and imparts a rose-colour to the liquid. (Berzelius.) 

Blue Oxide of Osmium .—Osmium ignited in a retort containing air, 
first yields a white sublimate of osmic acid, and afterwards a blue subli¬ 
mate, which appears green by transmitted light (Vauquehn ) This blue 
sublimate, which is insoluble in water, is likewise obtained on heating 
platinum ore in a retort. (Descotils.) Tincture of galls forms a bine 
liquid with aqueous osmic acid. (Tennant.)—Sulphurous acid forms with 
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aqueous osmic acid, a blue liquid, which, may be regarded as sulphate of 
blue oxide of osmium. This blue oxide is perhaps a mixture of protoxide 
and sesquioxide, or of protoxide and bioxide of osmium. (Berzelius ) 

& Bioxide of Osmium, on Osmic Oxide. OsQ 2 

Preparation . 1 . When bichloride of osmium and potassium is heated 

with dry carbonate of soda in a retort to a temperature somewhat below 
redness, till the evolution of carbonic acid ceases (a small quantity of 
osmic acid, formed by the air in the apparatus, volatilizing at the same 
time), and the residue exhausted with water and hydrochloric acid, pure 
osmic oxide remains behind —2. The same compound is formed by heating 
the dried hydiate of osmic oxide in an atmosphere of carbonic acid, a 
small quantity of osmic acid being likewise given off after the water has 
escaped. (Berzelius) 

Black powder.—When kept from contact of air, it sustains a red heat 
without decomposition. Hydiogen gas reduces it at ordinary tempera¬ 
tures. It detonates when heated with combustible bodies. (Berzelius.) 

Os . 99 . . 86-09 

20 16 . 13 91 

OsO 3 115 100*00 

(OsO 3 = 12 44 487 + 200 = 1444*487. Berzelius.) 

Hydrate of Osmic Oxide — A saturated aqueous solution of bichlo¬ 
ride of osmium and potassium mixed with a small quantity of carbonate 
of potash or soda, exhibits no change at first, but gradually acquires a 
black turbidity, and deposits black hydrated osmic oxide, which must be 
freed from adhering potash by hydrochloric acid.—The filtrate is pale 
yellow.—If too much carbonate of potash be added, the greater part of 
the oxide remains dissolved, forming a dark brown solution, from which, 
however, it separates slowly when left at rest, and immediately on boiling, 
the separation in either case being almost complete. (Berzelius.) 

Osmic Salts — Osmic oxide and its hydrate are insoluble in acids, 
hydrochloric acid alone colouring them yellow after long digestion. Osmic 
salts obtained by other processes are brownish yellow. 

D. Ter oxide of Osmium, or Osmious Acid? OsO\ 

This oxide is supposed by Berzelius to exist m the rose-coloured 
alkaline liquid (p. 406), which is produced, accompanied by precipitation 
of the protoxide, on digesting an aqueous solution of sesqnichlonde of 
osmium and potassium mixed with potash. 

E. Osmic Acid. OsO 4 . 

Formation . 1 . Osmium does not oxidize in the air either at ordinary 

temperatures or at 100°, at higher temperatures, however, oxidation 
takes place. In the finely divided state, as it is obtained by reduction 
with mercury or formic acid, it may be set on fire, and then continues to 
glow; in the more compact state, it ceases to burn as soon as it is taken 
out of the fire. The lower oxides of osmium, when heated in the air, 
are converted into osmic acid and volatilize. (Berzelius)—2. Osmium 



408 


OSMIUM. 


which has been strongly ignited, is insoluble'm nitric acid, aqua-rcgia 
and other acids; that which has been less strongly ignited is slowly dis¬ 
solved by moderately strong nitric acid, in the form of osmic acnl, which 
passes over when the liquid is distilled, it dissolves more readily in 
aqua-regia, and with yet gieater facility m hot concentrated nitric acid. 
Osmic acid is likewise formed when the lower oxides of osmium, or the 
compounds of cliloiide of osmium with other metallic chlorides, are heated 
with nitric acid, also when vapour of chloride of osmium mixed with 
chloiine gas is passed into milk of lime. (Berzelius.)—3. When osmium 
is ignited w r ith hydrate of potash in contact with the air, or with addition 
of nitre. 

Preparation. 1. By slowly passing oxygen gas over osmium heated 
to redness in the first of two bulbs blown on a glass tube. The greater 
part of the osmic acid then collects in the second bulb, which must he 
kept cool, 2 or 3 per cent, is carried further with the oxygen gas, which 
should therefore he passed through ammonia or potash. (Beizelius.)— 
2. By Wohler’s process (p 2 C>9, No. 3 )—3 By keeping an intimate 
mixtuie of 3 parts of osmide of iridium and 1 part of nitie at a strong 
red heat in an earthen crucible, till the mass becomes pasty, and vapours 
of osmic acid are evolved—dissolving the product, when cold, in the 
smallest possible quantity of water—mixing the solution in a retort with 
a quantity of sulphuric acid (formed of equal paits of oil of vitriol and 
water) sufficient to neutralize the potash—and distilling rapidly, as long 
as osmic acid continues to pass over. The osmic acid coats the receiver 
with a white crust, and afterwards fuses m drops at the bottom of the 
watery liquid. (Wollaston, Sckiv 57, 827; also Pogg 16,167.) 

Properties . Sublimes in colourless, transparent, shining needles; 
solidifies, after fusion, in a white, translucent, crystalline mass, which, at 
the temperature of the hand, may be bent like wax (Yauquelin.) Fuses 
more easily than wax into an oily liquid (Yauquelin ) Boils and evapo¬ 
rates without decomposition at a moderate heat. A slight rise of tempe¬ 
rature causes it to sublime in needles from one part to the other of the 
\essel m which it is kept. (Wohler, Pogg. 31, 164) Hoes not redden 
litmus when dissolved m water (Tennant, Vauquelm.)—Its taste is acrid 
and burning, like that of oil of cloves (Yauquelm ) Sweetish. (Tennant.) 
Has an insupportably pungent odour, resembling that of chloiine or iodine. 
(Yauquelin.) Air containing vapour of osmic acid, attacks the lungs 
strongly when inhaled, producing long-continued expectoration,and excites 
a burning pam in the eyes. (Berzelius ) Even extremely small quantities 
of the vapour act violently on the eyes and lungs. (Wohler.)—TT Asa 
remedy for poisoning by osmic acid, Claus recommends the immediate 
inhalation of sulphuretted hydrogen.^J—Osmic acid blackens all organic 
substances, even the cuticle, by reduction of osmium, especially when 
they are wet (Tennant, Yauquelm.) 


Os . ... 

99 . 

... 75 57 

40 

32 

24*43 

OsO 4 . 

131 

.. 100*00 

(OsO 4 = 1244*487 + 400 

= 1644*487. Berzelius) 


Decompositions 1. Osmic acid may he sublimed without decom¬ 
position in hydrogen gas, hut if the hydrogen mixed with the vapour be 
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passed through a tube heated to redness at one point, the reduction of the 
osmium takes place at that point, without explosion, and does not extend 
to the colder parts of the mixture. Osmic acid is likewise reduced by an 
alcohol-flame. If therefore a granule of osmium be placed on the edge of 
a piece of platinum foil, and held m the flame of a spirit-lamp, in such a 
manner as to allow pait of the flame to rise freely into the air, this part 
becomes brightly luminous,—because the osmic acid formed by the 
combustion of the osmium mounts upwards, and is again reduced by the 
flame to metallic osmium, which thus mixes with the flame, as a finely 
divided solid body, and thereby increases the luminosity (II., 29). 
(Berzelius.)—2. The acid deflagrates on'glowmg coals, like nitre. (Th6nard.) 
—3. Phosphorus reduces the metal from the aqueous solution. (Tennant, 
Fischer.)—4. The osmium is reduced to the metallic state from the aqueous 
solution of the acid, by nearly all the metals, even by mercury, which 
forms an amalgam, and by silver, which acquires a black coating, but not 
by gold, platinum, rhodium, or iridium (Tennant.)—From the pure 
aqueous solution, metals precipitate but a small quantity of osmium, 
together with au osmiate of the metallic oxide, but from an acidulated 
solution they precipitate tbe whole. (Berzelius.) Zinc, cadmium, tin, 
and iron, throw down the osmium from the acidulated solution in the form 
of a blue or reddish black powder, which remains for a long while 
suspended in the liquid, and gives it a blue colour; on antimony, bismuth, 
lead, copper, mercury, and silver, on the contrary, the osmium is imme¬ 
diately deposited as a solid crust, and does not impart any blue colour. 
If the zinc is m contact with platinum, the osmium is deposited in the 
form of a reddish grey film on the glass in the neighbourhood of the 
platinum. Lead effects an incomplete reduction, and finally throws 
down a white powder Silver immersed m the liquid becomes covered 
with various tints, and ultimately turns black; this effect taking place 
even in solutions which are so dilute as scarcely to give off any odour. 
Silver thus tarnished does not lose its coating of osmium till it is heated 
in the air nearly to redness. (Fischer, Pogg. 12, 499 } — 5. Green vitriol 
reduces osmium from the aqueous solution; protochloride of tin has no 
action upon it. (Fischer.)—6 The dry acid is decomposed by sulphuretted 
hydrogen, yielding sulphide of osmium and water, the action takes place 
even in the cold, and is attended with rise of tempeiature. (Berzelius.) 
—7. The aqueous acid treated with a small quantity of sulphurous acid, 
turns yellow (probably from formation of sulphate of osmic oxide), a 
larger quantity turns it brown (probably from sulphate of the sesqui- 
oxide), a still larger quantity, green, and a still further addition gradually 
turns it deep blue (sulphate ot the blue oxide) (Beizelms.)—8. The 
solution of osmic acid m a large excess of aqueous ammonia blackens 
slowly m the cold, but m a few hours when heated, nitrogen gas bemg 
slowly evolved, and amraonio-sesquioxide of osmium deposited in the 
form of a transparent, yellowish brown film (Berzelius )—9 The colour¬ 
less solution of osmic acid in alcohol or ether deposits all the osmium in 
the metallic state in the course of a few hours. Osmic acid dissolved in 
water is not decomposed by alcohol or ether; hut tallow or oil effects the 
decomposition. (Berzelius ) Tincture of galls colours the aqueous solution 
purple at first, and afterwards dark blue, by formation of the blue oxide. 
(Tennant.) 

Combinations, a. With Water — Aqtjeous Osmic Acid. —The acid 
dissolves readily in water. (Vauquelin) It dissolves yery slowly, even 
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at the temperature at which it melts. (Berzelius ) Transparent and 
colourless solution, which has the taste and smell of the acid. 

b . With Acids.—The mixture of osmic acid with the aqueous solutions 
of the stronger mineral acids is yellowish red, smells of osmic acid, and 
gives it off when distilled. 

c. With Salifiable Bases, forming salts called Osmiates. Aqueous 
osmic acid does not expel carbonic acid from the alkaline carbonates. 
(Berzelius.) The dry alkaline osmiates are yellowish red; the aqueous 
solutions, yellow; they do not emit any odour of osmic acid, and give off 
that acid but partially when boiled. Even when osiniate of potash or 
soda is heated to redness, a large quantity of osmic acid remains behind. 
According to Fremy (Corrupt rend . 18, 1110), the alkaline osmiates yield 
with sulphurous acid, peculiar compounds, in which the properties of the 
sulphurous acid are masked. 


Osmium and Phosphorus. 

A. Phosphide op Osmium —Osmium ignited in phosphorus-vapour, 
takes it up, and becomes incandescent After strong ignition, the com¬ 
pound is white and exhibits the metallic lustre, after very slight ignition, 
it is black, and acquires the metallic lustre by pressure. Sometimes takes 
fire spontaneously in the air, burns without flame or odour of osmic acid, 
and is converted into phosphate of osmious oxide. (Berzelius ) 

B. Phosphate of Osmious Oxide, or Osmious Phosphate. — 
a. Formed by the combustion of phosphide of osmium. Dissolves partially 
in cold nitric acid, forming a green solution, with hot nitric acid it forms 
osmic acid — b. By treating the hydrated protoxide with aqueous phos¬ 
phoric acid. Dark blue-green, difficultly soluble m water. (Berzelius.) 

Osmium and Sulphur. 

When osmium and sulphur are heated together in a retort, the osmium 
burns brightly in the sulphur vapour, and forms sulphide of osmium. 
(Berzelius.) Sulphuretted hydrogen precipitates sulphide of osmium from 
the hydrochloric acid solutions of all the oxides of osmium; from the 
rose-coloured solutions, however, (those, namely, which contain the 
teroxide) the precipitation takes place but slowly. All the sulphides of 
osmium thus obtained are dark yellowish brown, and dissolve sparingly 
in water, forming deep yellow solutions; they dissolve readily in nitric 
acid, forming sulphate of the protoxide if the sulphide of osmium is m 
excess, but if an excess of warm nitric acid be used, osmic acid is given 
off, and sulphate of the bioxide is produced. (Berzelius.) 

A. Bisulphide of Osmium. —OsS 3 .—Aqueous bichloride of osmium 
and potassium forms with sulphuretted hydrogen, a dark yellowish brown 
precipitate, which dissolves slightly in water, forming a yellow or reddish 
yellow solution. In aqueous caustic alkalis it does not dissolve more 
freely than in water, and after drying is completely insoluble in them. 
(Berzelius.) 

B. Five-halves Sulphide of Osmium. —OsS 3 ,OsS 3 .—Formed by 
igniting the tetrasulphide in vacuo. Contains 39*4parts (2^ At.) sulphur 
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to 99 pts. (1 At,) osmium By ignition in an atmosphere of hydrogen, it 
is very slowly reduced to the metallic state. The hydrogen, even after it 
has passed over the ignited substance for two hours, still contains a small 
quantity of hydrosulphuric acid. (Berzelius.) 

C. Tersulphide of Osmium. —OsS 3 .—The rose-coloured solutions of 
teroxide of osmium are precipitated by sulphuretted hydrogen, only when 
they are first saturated with it, and then set aside for some time in a 
closed vessel at a temperature between 50° and 70°. If the solution is 
very dilute, or if it is mixed with any other, it retains its rose-colour even 
when thus treated; and when it is evaporated, the sulphuretted hydrogen 
escapes. (Berzelius ) 

D. Tetrasulphide of Osmium. —OsS 4 —Aqueous osmic acid is 
immediately coloured black-brown by sulphuretted hydrogen, but does 
not yield a precipitate till an acid is added to it, in which case the liquid 
becomes completely decolorized The brown-black precipitate becomes 
black when dry. When ignited in a distillatory apparatus exhausted of 
air, it gives off sulphur, and then, at a certain temperature, exhibits 
incandescence, decrepitates, acquires a grey colour and metallic lustre, and 
is converted into B, the change not being accompanied with evolution of 
any permanent gas. It is insoluble in caustic alkalis, alkaline carbonates, 
and alkaline hydrosulphates. 

E. Sulphate of Osmious Oxide, or Osmious Sulphate. —Formed 
by dissolving sulphide -of osmium in an insufficient quantity of nitric acid, 
or hydrated osmious oxide in sulphuric acid. Dark brownish-green 
solution, which, when evaporated, leaves a dark greyish brown mass with 
dendritic excrescences. This residue is easily soluble in water and alcohol. 
The aqueous solution is precipitated by carbonate of ammonia, potash, or 
soda, with which, on evaporation, it yields a greenish brown, efflorescent 
residue which remains dry When carbonate of ammonia is used, the 
residue yields by distillation water and sulphite of ammonia, and leaves 
grey metallic-looking sulphide of osmium. (Berzelius.) 

F. Sulphate of Blue Oxide of Osmium. —When an aqueous solution 
of osmic acid is mixed with excess of sulphurous acid, and the dark blue 
liquid evaporated, the excess of sulphurous acid escapes, and there remains 
a dark blue, fissured, but rather soft mass, which appears copper-coloured 
when perfectly diy. The residue, when heated, first gives off water, then 
osmic acid, and lastly, a large quantity of blue sublimate, containing a 
considerable amount of sulphuric acid, and, after being heated to full 
redness, leaves metallic osmium, having a bluish white metallic lustre, and 
the form of the original substance. The ammonia placed in the receiver 
first becomes yellow by absorbing osmic acid, and afterwards purple 
brown, because a considerable quantity of the blue sublimate likewise passes 
into it; when evaporated, it assumes a dark brown colour, and leaves a 
dark brown saline mass, which appears to contain sulphate of sesquioxide 
of osmium. The washed and dried blue residue, heated in hydrogen 
gas, yields water, sulphuric acid, sulphuretted hydrogen, and finally a 
large quantity of blue sublimate, leaving a residue of osmium combined 
with a small quantity of sulphur. The blue residue, when thoroughly 
dried, is no longer soluble in water, which, however, becomes blue by 
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contact with it, and likewise acid by taking up the excess”of sulphuric 
acid. The undissolved portion, washed with water and then exposed to 
the air in the moist state, again imparts a blue colour to a fresh poition 
of water. Before drying, the blue salt is soluble Jn caustic alkalis and 
alkaline carbonates; from this solution it is, for the niiost part, precipitated 
by hydrochloric acid, but the supernatant acid liquid remains brown fiom 
the presence of sesquichloride of osmium. (Berzelius.) From the blue 
solution mixed with hydrochloric or sulphuric acid, iron does not preci¬ 
pitate all the osmium, so that the liquid remains of a darker green colour 
than an iron solution, and the precipitated osmium, if washed and dried, 
and then heated m an atmosphere of hydrogen, gives off water, a small 
quantity of blue sublimate and hydrosulpburic acid, it therefore retains 
a small quantity of sulphuric acid (Beizelius ) 

A blue sublimate is likewise formed when osmium containing sulphur 
is heated in oxygen gas, it is less volatile than the osmic acid formed at 
the same time, and neaily insoluble m water,—also when osmide of 
iridium is fused m a distillatory apparatus with bisulphato of potash , 
this blue sublimate, howe\ er, contains so much acid that it dissolves in 
water. (Berzelius.) 

G Sulphate op Osmic Oxide, or Osmic Sulphate. —Formed by 
dissolving bisulphide of osmium in excess of cold nitric acid, and evapo¬ 
rating. A small quantity of osmic acid volatilizes at the same time.— 
Park yellowish brown syrup, which dissolves in water, and forms a 
brownish yellow solution. I he solution reddens litmus strongly, its taste 
is neither acid nor metallic, hut bitter. It becomes somewhat paler when 
mixed with sulphurous acid, but does not turn blue. It is precipitated by 
alkalis, and forms with chloride of barium a yellow precipitate containing 
osmic oxide. 

[Vauquelin did not succeed in causing osmium to combine with iodine, by heating 
the two together m a glass tube.] 


Osmium and Chlorine. - 

A. Protochloride of Osmium —Chlorine gas does not act upon 
cold osmium; but when dry chlorine is passed over the metal heated m a 
long tube, protochloride of osmium is first produced, m the form of a dark 
green sublimate, and afterwards, at a greater distance from the osmium, a 
red sublimate of the bichloride.—Piotocliloride of osmium, if exposed to 
the air,—in which case it absorbs mobture,—or if prepaied with moist 
chlorine gas, forms daik green needles. It dissolves in a very small 
quantity of water, forming a beautiful green liquid, which, on the addition 
of more water, suddenly becomes opaquo and gradually filled with green, 
woolly particles of osmium; a still larger quantity of water decomposes 
it immediately, osmium being precipitated in blue flakes, while hydro¬ 
chloric acid and osmic acid remain m the liquid. (Berzelius.) 

Os .. . . 99*0 ... 73*66 

Cl . . 35*4 .... 26 34 

OsCI ~ 104*4 . 100*00 

B. Sesquichloride of Osmium ?—Known only in combination with sal- 
ammoniac. Appears to possess a brown or purple-red colour. Thus, 

% 
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when a saturated aqueous solution of osmic acid is mixed with hydro- 
chloiic and mercury, and the mixture set aside till the odour has disap¬ 
peared, and the liquid is evaporated m vacuo over oil of vitriol, there 
remains a shining purple varnish which has a metallic taste, blackens the 
skin, softens when exposed to the air, and dissolves in water and alcohol. 
The aqueous solution mixed with alkalis forms at first a clear mixture, 
which on digestion at a gentle heat, deposits black oxide of osmium. 
(Berzelius.) 

C. Bichloride of Osmium. —When chlorine gas is passed over 
heated osmium, this compound is produced in the form of a dense cloud 
which condenses to a red powder. If the chlorine gas was moist, or if 
the bichloride of osmium be exposed to the air, it is first converted into 
a transparent yellow film, then into a dark vernnllion-coloured mass, 
which does not fuse at the heat of the hand, and, m the further part of 
the tube, into yellow laminae and needles united in stellate groups, which 
melt at the heat of the hand, are probably richer in water than the red 
crystals, perhaps also contain a different proportion of chlorine —Bichlo¬ 
ride of osmium dissolves in a small quantity of water, forming a yellow 
solution, which turns green when mixed with a large quantity of water, 
then becomes quickly opaque, and is decomposed with complete loss of 
colour, like the solution of protochloride of osmium. (Berzelius.) 

D. Ter chloride of Osmium? —Known only in combination with sal- 
ammoniac. 

E. Hydrochlorate of Osmic Acid —Formed by mixing aqueous 
osmic acid with hydrochloric acid, or by dissolving osmium in aqua-iegia, 
a large quantity of osmic acid, however, volatilizing, even at ordinary 
temperatures. Yellowish red liquid, which smells of osmic acid A zinc 
plate immersed in it first produces a beautiful blue colour, and afterwards 
precipitates the osmium in black flakes. The dilute solution is coloured 
blue by tincture of galls. (Yauquelin.) 

Osmium and Nitrogen. 

IT A. Osmiamic Acid. —Os 2 N0 5 according to Gerhardt; or 0s 2 N0 4 , 
according to Fritzsche & Struve — Formation. By the action of ammonia 
on osmic acid.—When caustic ammonia is added to a solution of osmic 
acid in excess of potash, the deep orange colour of the liquid soon changes 
to light yellow, and a new salt is produced, which separates in the form 
of a yellow crystalline powder, sometimes immediately, sometimes on 
evaporating the liquid at a gentle heat The presence of potash, or any 
other metallic oxide, is not absolutely necessary to the formation of the 
new acid; but the ammomacal salt which is formed when ammonia alone 
is added, is very liable to change, and decomposes during evaporation 
Fritzsche & Struve, who discovered this new compound, assign to it the 
formula OsN,Os0 4 , regarding it as a compound of nitride of osmium 
OsN (to which they give the name of Osman ) with osmic acid; hence they 
call it Osman-osmic acid (Osman-Osmiumsaure ). Gerhardt, on tbe con¬ 
trary, regards it as a compound of 2 At. osmium, 1 At. nitrogen, and 
5 At. oxygen, its formation taking place in the manner represented by 
the equation, 

20*0 4 + NfF = 3IIO + C^NO 5 . 

$ 
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If Fritzsehe and Struve’s formula were correct; the formation of the 
acid would he attended with evolution of 1 At oxygen; but they par¬ 
ticularly observe that no escape of gas takes place On the other 
hand, it must be admitted that the formula 0& 2 N0 4 , accords better with 
the analyses made by Fritzsehe & Struve, than that which Gerhardt 
assigns to the compound. 

Osmiamic acid is not known in the separate state. 


Calculation , Calculation, 


according to Fritzsehe & Struve. 

Os, 2 19S SI 14 

accoidmg to Geihardt. 

Os 2 . 198 78*57 

N 

14 . 571 

N . 

14 

5 56 

O 4 

32 13 12 


40 

15 87 

0s 2 N0 4 

244 100 00 

0s 2 N0 5 

. 252 . 

. loci 00 

Combinations. 

a. With Water- 

—Aqjjeotjs 

Osmiamic 

Acid.—O b- 


tained by cautiously adding sulphuric acid to a solution of osmiamate of 
baiyta, or by decomposing recently prepared and still moist osmiamate of 
silver with dilute hydrochloric acid The filtered liquid, which is of a 
light yellow colour, may be preserved without alteiation for some days, 
provided it be sufficiently dilute; but in the contiary case, it turns brown 
and decomposes, giving off gas and osmic acid, and depositing a black, 
non-explosive substance containing osmium Tlie same change takes 
place when a dilute solution of the acid is left to evaporate ovei oil of 
vitriol. 

Osmiamic acid is a powerful acid; it not only disengages carbonic 
acid from carbonates, but likewise decomposes chloride of potassium; 
thus, when a drop of aqueous acid is left to evaporate on a glass plate in 
contact with a crystal of chloride of potassium, crystals of osmiamate of 
potash are obtained.—Metallic zinc dissolves in tbe aqueous acid, causing 
a slight evolution of gas; part of the acid is, at the same time decom¬ 
posed, and the zinc becomes covered wifcli a closely adhering, black deposit, 
while portions of flocculent matter become diffused through tbe liquid, 
which at tbe same time acquires the odour of osmic acid. The action 
stops, as soon as all the non-deeomposed acid is satuiated with zinc — 
Acids at ordinary temperatures exert no decomposing action on aqueous 
osmiamic acid, but on tbe application of beat, tbe liquid turns brown, and 
gives off osmic acid. Tbe products of decomposition vary according to 
the nature of tbe acid. 

b. With Salifiable Bases, forming salts called Osmiamates —These 
salts are formed. 1. By the direct action of osmic acid on an ammomacal 
solution of the bases (in this way the potash, zinc, and silver-salts are 
formed).—2. By precipitating a solution of osmiamate of potash with 
various metallic salts.—3. By decomposing the silver-salt with metallic 
chlorides,—They are anhydrous. When heated, they are decomposed, 
with explosion, the products of the decomposition being metallic osmium, 
an osmiate of the base, and an osmic compound containing less oxygen. 
In many of these salts, the same decomposition is produced by percussion. 
Osmiamate of mercurous oxide, however, volatilizes without explosion 
when suddenly heated, and gives off an odour of osmic acid. Most of 
the osmiamates are affected by acids, in a similar manner to aqueous 
osmiamic acid. [Bor the action of hydrochloric acid on osmiamate of potash, seep. 420.] 

Aqueous osmiamic acid and tbe soluble osmiamates give a dirty yellow, 

non-crystalline precipitate with acetate of lead, light yellow with mercu- 

% 
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rous nitrate, &nd a lemon-yellow, crystalline precipitate with nitrate of 
silver. (Fritzsche & Struve.) IT 

B. Nitrate of Osmious Oxide, or Osmious Nitrate. —The hy¬ 
drated prooxide dissolves in cold nitric acid, forming a green solution, 
which, if saturated, dries up on evaporation to a green, transparent 
varnish. (Berzelius.) 

C. Ammonio-sesquioxide of Osmium. —To form this compound, 
osmic acid is dissolved in excess of strong aqueous ammonia, and the 
reddish yellow mixture kept for a while m a stoppered bottle at a tempe¬ 
rature between 40° and 60°, till it acquires a black-brown colonr, and the 
ammonio-sesquioxide of osmium begins to precipitate, the bottle may then 
he opened, as the evolution of osmic acid is at an end, and the nitrogen gas 
would otherwise be unable to escape The decomposition takes place 
slowly in the cold, but in two hours if aided by heat. The dark liquid, 
which holds the greater part of the compound in solution, is finally 
evaporated in an open vessel, till all the free ammonia lias escaped, and 
the black precipitate is washed upon a filter —Brown-black powder.— 
"When heated after drying, it decomposes with a hissing noise, nitrogen 
and aqueous vapour being evolved, the osmium reduced to the metallic 
state, and the mass blown out of the vessel If it has been previously 
boiled with solution of potash, and then washed and dried, that portion 
which is immediately affected by the heat, deflagrates with a report, and 
scatters the adjacent portions in the undecomposed state. It dissolves 
sparingly in acids, forming a brown solution. Formic acid does not 
reduce it. It is insoluble m water (Berzelius ) 

Even when aqueous sesquichloride cf osmium and ammonium is mixed 
with excess of carbonate of potash, the filtrate evaporated to dryness, 
then saturated with hydrochloric acid, and mixed with potash, a precipi¬ 
tate is obtained which explodes with violent evolution of gas when heated, 
and therefore still contains ammonia. (Berzelius.) 

D. Osmiate of Ammonia. —When ammonia is poured upon osmic 
acid, the two unite, with evolution of heat, and the compound fuses in 
yellow drops, which sink to the bottom and solidify in the form of orange- 
yellow, non-crystalline osmiate of ammonia. This compound when 
exposed to the air, smells strongly of osmic acid; it dissolves in water, 
forming a reddish yellow solution, and may be separated therefrom with- 
out decomposition, provided no free ammonia has been added to it. 
(Berzelius.) 

IT E. Osmiamate of Ammonia. —Prepared by decomposing osmiate 
of silver-oxide with chloride of ammonium. Crystallizes in large crystals, 
which appear to be isomorphous with those of the potash-salt. They 
dissolve readily in water and alcohol, and decompose, with explosion, at 
125°. (Fritzsche & Struve.) IT 

F. Sulphate of Sesquioxide of Osmium and Ammonia. —Formed 
by dissolving ammonio-sesquioxide of osmium m dilute sulphuric acid, 
and evaporating—Brown, soluble in water.—The excess of sulphuric 
acid may be removed by evaporation and heating, without reducing the 
osmium, but the residue, when dissolved in water, leaves a small quantity 
of basic sa,lt. (Berzelius.) 
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G PnoTocriLORiDE of Osmium and Ammonium. —1. When chlorine 
gas which has been passed over heated osmium, and is consequently mixed 
with vapour of bichloride of osmium, is received m aqueous ammonia, 
and the excess of ammonia is expelled from the brown liquid by evapora¬ 
tion, a yellowish brown solution is obtained, apparently containing this 
salt, and leaving, on evaporation, a brown lesidue, which, when freed by 
careful heating from excess of sal-ammoniac, exhibits a gieenisli hue.— 
2. When bichloride of osmium and potassium is dissolved in aqueous 
ammonia, a dark green powder remains, which likewise appears to consist 
of protochloride of omnium and ammonium On evapoiatmg the liquid 
filtered from this powder, and heating the residue till the sal-ammoniac 
begins to evaporate, protochloride of osmium and ammonium remains, 
mixed with chloride ot potassium. (Berzelius ) 

H Sesquiciiloride of Osmium and Ammonium —Formed by dis¬ 
solving the ammonio-sesquioxide of osmium m strong hydrochloric acid, 
and evaporating the deep yellowish brown solution to dryness.—Brown- 
black, amorphous mass, permanent m the air —When heated in a retort, 
it fuses imperfectly, swells up (which, however, may be prevented by the 
addition of a third of its weight of sal-ammoniac), gives off hydiocliloric 
acid, and leaves metallic osmium —It dissolves m water, forming a brown- 
black solution, but if it has been too stiongly heated, a basic salt remains 
undissolved m the form of brown flakes. Zinc immersed in the aqueous 
solution precipitates but a small portion of the osmium, even when heated 
with excess of acid, and iron none at all. The compound likewise dis¬ 
solves in alcohol with the same colour, but not so abundantly as in water. 
(Berzelius.) 

I. Terchlqride of Osmium and Ammonium. —This composition 
probably belongs to the salt about to be described. Osmic acid is 
saturated with aqueous ammonia, the solution left to itself for a few 
days, at the ordinary temperature of the air, and protected from sun¬ 
shine, then supersaturated with hydrochloric acid, a small quantity 
of mercury introduced into the mixture, and frequently shaken up 
with it for a few days, till the osmic acid has disappeared, and the 
brownish purple-red liquid evaporated to dryness after the mercury lias 
been poured off. A daik brown residue remains, tv Inch is to be dissolved 
in alcohol; a substance is then left behind, which forms a purple-brown 
solution in water, and appears to consist of sesquichloride of osmium and 
ammonium. On the other hand, when the splendid red alcoholic solution is 
abandoned to spontaneous evaporation, terchloride of osmium and ammo¬ 
nium is left in tbe form of a brown, confusedly crystalline mass This 
substance, when distilled, gives off sal-ammoniac and leaves osmium; it 
forms an intensely dark red solution m a small quantity of water, and a 
purple or rose-coloured solution m a larger quantity, like permanganate 
of potash. Fixed alkalis, in the cold, do not alter the colour of the 
solution, on digestion, however, a lower degree of oxidation is pro¬ 
duced by the action of the ammonia which is set free. (Berzelius.) 

K. Nitrate of Sesquioxide of Osmium and Ammonia. — 
Formed by dissolving the ammonio-sesquioxide in nitric acid. The 
solution saturated while hot, deposits the compound m the form of a 
dark brown powder. The acid solution yields, on evaporation, a brown 
extractive matter, which at 40° dries up to the same brown earthy sub* 
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stance. This body, when heated in a retoit, burns like wet gunpowder’ 
and scatters the osmium about m the foun of a black, non-metallic 
powder.—Dissolves sparingly in cold water, much more freely m hot 
water. (Berzelius ) 

When osmiate of potash is distilled with hydrochloric acid, osmic 
acid is evolved, and there remains a chloride of osmium, from which sal- 
ammoniac precipitates a minium-coloured salt, veiy slightly soluble in 
water, and leaving pure osmium when ignited (Fremy.) 

[It is not yet ascertained which of the chlorides of osmium is contained 
in this salt ] 

Osmium and Potassium. 

A. Protoxide of Osmium with Potasii —When protochloride of 
osmium and potassium is decomposed with excess of potash, a small 
quantity of the protoxide remains m the solution, imparting to it a dirty 
greenish yellow colour. (Berzelius ) 

B. Sesquionide op Osmium with Potash. —Ammonio-sesquioxide 
of osmium dissolves in aqueous caustic potash and carbonate of potash. 
(Berzelius.) 

C. Teuoxtde of Osmium with Potash.— Aqueous —Forms a rose- 
coloured liquid (p 407 D ) Berzelius. 

This composition probably belongs also to the following red salt, which 
Fremy calls Osmite of Potash Aqueous osmiate of potash mixed wuth a 
small quantity of alcohol becomes hot, assumes a red colour, and deposits 
the salt in the form of a red powder, the osmium indeed being often 
completely precipitated m this form. The powder is washed with 
alcohol, which does not dissolve any of it. It crystallizes m beautiful 
red octohedrons. The weaker acids added to the solution, cause the acid 
of the red salt to split up into osmic acid and the black oxide The salt, 
if immersed in cold aqueous sal-ammoniac, dissolves at first, but after¬ 
wards decomposes, depositing a yellow salt, which is scarcely soluble m 
water, and when ignited in a current of hydrogen gas, leaves pure 
osmium. (Fremy, Gompt. rend , 18, 144 ) 

D. Osmiate of Potash —1. Formed by mixing osmic acid with 
aqueous solution of potash, or by saturating hydrate of potash with the 
vapour of the acid (Berzelius )—2. By igniting osmium with hydrate of 
potash or with nitre, pait of the osmic acid, however, is lost by evapo¬ 
ration. (Tennant.)—The solid compound is dark red. (Berzelius )—The 
aqueous solution is yellow, and smells slightly of osmic acid. (Tennant); 
according to Berzelius, on ths contrary, it does not smell at all. 

Sulphite of Osmious Oxide and Potash. —Chlorosmiate of 
potassium is not affected by sulphurous acid at ordinary temperatures; but 
wben a perfectly saturated aqueous solution of sulphurous acid is poured 
upon tbe finely pulverized salt, a quantity dissolves, less than that which 
would be taken up by distilled water. The solution, when heated, 
undergoes partial decomposition, becoming dark green, in consequence of 
the separation of black osmic oxide; and if the hot liquid be then filtered, 
unaltered chlorosmiate of potassium crystallizes out after cooling. But 
when a solution of the same salt is heated with sulphite of potash, it 
VOL. vi, 1 2 e 
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acquires first a dark and afterwards a light rose-colour, and at length 
becomes quite colourless; at tlie same time, the sulphite of osmious oxide 
and potash separates out m the form of a white, pulverulent piccipitatc, 
which must be collected and well washed. 

Light powder, of the texture of magnesia, white, with a tinge of rose- 
colour, and consisting of small, soft, scaly crystals. It dissolves sparingly 
in water, and has a scarcely perceptible taste. In other respects it 
resembles the indium salt, (p. 384) excepting that it decomposes at 1S0 J , 
assuming a dingy violet colour, whereas the mdium-salt hears a strong 
heat without decomposition. (Claus, Ann. Fhaim 63, 355 ) 



Anhydrous. 



Dried at 100°. 

Claus. 

3KO. 

141 6 

34 65 

3KO 

141 6 

31 22 

31 14 

Os 

99 0 

24*23 

Os 

99 0 

21 83 

21 90 

0 

8 0 

. 1 96 

0 

8 0 

1*76 


5 SO 2 

160 0 

39 16 

5S0 3 

5HO 

160 0 
45 0 

35 27 , 
9 92 

.. 35 20 

3(K0,S0 2 ) + 

0sO,2SO 3 408 6 

100 00 

+ 5Aq. 

453 6 

100 00 



(Claus, Ann . Pharm . 68, 355.) IT 


E. Protgchloride of 0$3iiUM and Potassium.— a. Formed by 
dissolving piotochlonde of osmium, togcthci with chlonde of potassium, 
in the smallest possible quantity of watei, evapoiatmg, exhausting the 
residue with a small quantity of water, which leaves behind the greater 
part of the fiee chloride of potassium, and again evaporating. Light 
blown prisms Alcohol lcduces a laigc quantity of the osmium which 
they contain Hence, on attempting to lemove the excess of chloride of 
potassium from the salt by alcohol, the whole of the osmium is reduced 
in the course of an hour the portion of the brown crystals not dissolved 
by the alcohol, forms with water a brown solution, which blackens the 
skm, and after a while deposits metallic osmium, [ieduced by the alcohol 
still present 1 *]— b. By mixing the aqueous solution of bichlonde of 
osmium and potassium with alcohol, filteung fioni the precipitated salt, 
distilling the yellow filtxate or exposing it to sunshine, whereupon a 
small quantity of an ethereal compound is evolved, and a considerable 
quantity of osmium precipitated, and abandoning the liquid filteied 
therefiom to spontaneous evapoxation —The salt collects on the sides of 
the vessel in the form of effloresced, daik gieen, indistinct crystals, much 
more soluble in water than m alcohol, and forming a green solution.— 
(Berzelius ) 

F. Sesqiiiikloride of Osmium and Potassium ? —Doubtful. On mixing 
a saturated aqueous solution of osmic acid with potash, then with hydro¬ 
chloric acid, allowing mercury to act upon it till the odour is entirely 
destroyed, and evaporating tlie filtrate, a brown double salt is obtained, 
mixed with free chloride of potassium, and slightly soluble in alcohol. 
This is perhaps the salt F. (Bexzelius.) 

G. Bichloride of Osmium and Potassium — Chloromiate of 
Potassium .—Formed by heating an intimate mixture of equal parts of 
pulverized osmium and chloride of potassium to commencing redness, in 
a current of chlorine gas. The chloiine is slowly absorbed, to avoid 
loss of osmium, the unabsoibed portion of the gas is leceived in ammonia. 
From the resulting powder, which is black while hot, and of the colour of 
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minium after cooling, the excess of chloride of potassium is dissolved 
out by a small quantity of cold water, the residue dissolved in hot water, 
and the solution left to spontaneous evapoiation. 

Dark brown, shining, regular octohedrons, yielding a vermillion- 
eolouied powder. The salt withstands gentle ignition, gives off chlorine 
gas together with a small quantity of sublimed protochlonde of osmium, 
and leaves chloiide of potassium, mixed with white, metallic-looking 
osmium When distilled with mtnc acid, it yields osmic acid, and leaves 
nitre, together with chloride of potassium. Dissolves in cold water with 
a lemon-yellow colour, and more abundantly m bot water, wuth a deep 
yellow colour, inclining to green Paper moistened with the aqueous 
solution, and exposed to sunshine, acquues a blue colour, which cannot 
be removed by washing The aqueous solution is not affected by sul¬ 
phurous acid, even at a boiling heat, alcohol precipitates the dissolved 
substance m the foim of a vermillion-coloured, crystalline, powder, the 
liquid retaining its yellow colour. (Berzelius ) 

The compounds of osmium have, as shown by Berzelius, a disposition 
to unite with those of iridium. Hence, when native osmide of indium 
mixed with chloride of potassium is heated to redness m chlorine gas, a 
mixture of chlorosmiate and chlonridiate of potassium is obtained, nr 
bi own-black octohedrons. The analysis of this salt is given m the 
following table, its formula is 2(KCl,IrCl 2 )-f-KCl,OsCl 2 .—This salt, 
mixed with an equal weight of carbonate of soda, and ignited, gives off 
the greater pait of the osmium m the form of osmic acid, and leaves 
sesquioxide of iridium, still containing a little osmic oxide, which may 
be removed by digesting m aqua-regia, then reducing the indium, and 
heating it to ledness m the air (Hermann, Pogg . 37, 407.) 


KC1 

74 6 

30 52 

Bei 2 elius. 
30 46 

Os 

99 0 . 

. 40 51 

40 64 

2C1 

70 8 . 

. 28 97 

28 90 

KCljOsCl 2 

244 4 . 

100 00 

.. 100 00 


Hermann. 


2K.C1 

223 8 

30*53 


Os 

99 0 

13 50 . 

. 13 4 

2Ir 

198 0 

27*00 

26 6 

6 Cl 

212 i 

28 97 


2(KCl,Ii CP) + KCl,OsCl 2 

733 2 

. 100 00 



«fT Bisulphite op Osmious Oxide with Chloride op Potassium. 
—3KCl + 0s0,2S0 2 —Formed by treating the salt E with hydrochloric 
acid—Brown-red, crystalline salt, very soluble, and having a sharp 
taste. Anhydrous.—(Claus, Ann. Pharm 67, 37 5) 


3K 

117 6 , 

, 29 76 

Clans. 
29 38 

Os . 

99 0 

25 06 

25 00 

O 

8 0 

2 17 

2 47 

2SOA 

64 0 

16 16 

16*40 

SCI 

106 2 . 

2b 85 

26 75 


394 8 . 

. 100 00 

. 100*00 


IT H. Osmiamate op Potash. —Prepared in the manner already 
described (p. 413), or better, by dissolving solid osmic acid in a strong 
solution of potash mixed with ammonia, and agitating the mixture. 

2 E 2 
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The liquid then assumes a light yellow colour, and finally deposits 
the salt in the form of a yellow granular powder. The salt may like¬ 
wise be produced by passing the vapours of the distilled osmic liquors 
(obtained in the treatment of platinum ore) into ammoniacal potash-ley 
properly cooled: care must, however, be taken to avoid the simultaneous 
distillation of nitrous vapours, which would exert a decomposing action 
on the osmiamate. Carbonate of potash may be substituted for caustic 
potash; but it is less advantageous To obtain the salt in definite 
crystals, the powder first obtained must be dissolved in the smallest pos¬ 
sible quantity of boiling water, and the solution left to cool, the salt is 
then deposited m small, lemon-yellow ciystals. Larger crystals may he 
obtained by forming a saturated solution m the cold, and leaving it to 
spontaneous evaporation, they then take the form of acute, square-based 
octohedrons. The crystals are anhydrous. The salt is much less soluble 
in alcohol than in water; it dissolves, however, in the former without 
alteration, and suffers hut slight decomposition during the evaporation 
of the solution. It is insoluble m ether. (Fntzsche & Struve.) 



Calculation , 


Fntzsche 


Calculation , 


aecoidmg to Fntzsche & Stiuve. 

6c Stnrve.] 


accoidinar to Gerhardt. 

KO 

47 2 

16 14 

16 13 

KO 

47 2 

.. 15*77 

20s 

198 0 . 

. 68 10 . 

. . 67 90 

20s 

198 0 

66 17 

N 

14*0 

. 4 80 

4 82 

N 

14 0 

4 68 

40 

32 0 

10*96 

. 11 15 

50 

. 40 0 

13 38 

KO,Os-NO 4 

291 2 . 

100 00 

. 100 00 

K0,0s 2 N0 5 209 2 

100 00 


When tliis salt is moistened with strong hydrochloric acid, a strong 
action is immediately set up, accompanied by a disengagement of 
chlorine, or perhaps of an oxide of chlorine; the acid acquires a fine 
purple-red^ colour; and the crystals of the salt become covered with a 
crust consisting of two kinds of crystals, into which the original crystals 
are in the end completely converted. Hydrochlonc acid added to a cold 
satuiated solution of osmiamate of potash, does not decompose it at 
ordinary tempeiatures, but, on the application of heat, the liquid 
acquiies a transient red colour, then turns brown, and gives off osmic 
acid. If the boiling be continued till this last effect ceases, and the 
liquid evaporated to the crystallizing point, thiee salts aie deposited, 
viz a green salt in the foim of hexagonal tables, another green salt in 
needles, and a red salt, all of which appear to decompose as they 
dissolve in water; they have not been further investigated. (Fritzsche & 
Struve.) 


Osmium and Sodium. 

Osmiamate of Soda. —More soluble than the potash-salt, and there- 
ore best prepared by decomposing the silver-salt with chloride of sodium. 
1 he solution, when evaporated, yields syrupy crystals at first, but after¬ 
wards prismatic crystals are formed. (Fritzsche & Struve.) 


Osmium and Barium. 

Osmiamate of Baryta —Prepared by decomposing the silver-salt 
with chloride of barium. Crystallizes readily m yellow shining needles: 
tolerably soluble in water; detonates at 150°. (Fritzsche & Struve.) 
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Calculation, 


BaO 

20s 

N 

40 


Fi itzsclie 
& Struve. 


Calculation , 


76 7 

23*79 

. 23 88 

BaO 

76 7 

23 33 

198 0 

61 89 

. 61 07 

20s 

198 0 

60 24 

14 0 

4 36 

4 27 

N . 

14 0 

4 25 

32 0 

9 96 

10 78 

O 5 

40 0 

12*18 

320 7 

100*00 

100 00 

Ba0,0s 2 N0 5 

328 7 

100 00 


-IT 


Osmium and Calcium. 

Osmiate of Lime. —Aqueous osiuic acid forms with lime, a light 
yellow liquid, which yields a dark red precipitate with infusion of galls 
(Tennant ) A small quantity of foimic acid added to the solution, 
throws down blue metallic osmium. (Fr Weiss & Doberemer, Ann. 
Pharm . 14,17.)—Vapouis of osnnc acid passed into excess of lime-water 
produce yellow flakes (p 250, No 26). (Vauquelln.) 


IT Osmium and Zinc. 

Osmiamate of Zinc-oxide. —Easily soluble, not obtained in the 
solid state. (Fntzsche & Struve ) 

B Ammonio-osmiamate of Zinc-oxide. —1 Foimed by adding a 
zinc salt to a solution of osnnc acid m ammonia —2. By mixing the 
potash-salt with ammonia, and then adding a zinc-salt —Light yellow, 
crystalline powder, which may be dried m the air without loss, is inso¬ 
luble m ammonia, is decomposed by water, even m the cold, and 
completely on boiling, the whole of the zinc-oxide separating out, and 
osmiamate of ammonia remaining m solution (Fntzsche & Struve.) 

Calculation, Fntzsche Calculation , 

according to Fntzsche & Stiuve. & Struve. according to Gerhardt. 

2NH 3 . 34 0 10 69 10 35 2NH 3 .... 34 0. 10*41 

ZnO ... 40 2 12 63 12 28 ZnO . 40 2 12*33 

0s 2 N0 4 214 0 76 68 0s 2 N0 5 252 0 77 26 

2NH 3 ,ZNO,0s 2 NO 1 318 2 100*00 2NH 3 ,ZnO,Os 2 N0 5 326*2.. 100*00 

[Geihardt’s formula foi this salt agrees more closely with the analytical results 
than that of Fi itzsclie &, Struve ] 


Osmium and Tin. 

Os?/uate of Tin ?—Osmiate of lime forms a brown precipitate with 
protochloride of tin. (Tennant.) 


Osmium and Lead. 

A. Osmiate of Lead-oxide. —Osmiate of lime yields a yellowish 
brown precipitate with lead-salts. (Tennant) 

IT B. Osmiamate of Lead-oxide —Nitrate of lead-oxide formsno 
immediate precipitate with osmiamate of potash, but after some time 
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crystals are formed, which decompose with facility.—A solution of 
acetate of lead-oxide forms with solutions of the osmiamates, a non- 
crystalhne precipitate, which at first exhibits a dirty yellow colour, but 
soon acquires a purple tint, and gives off osmic acid. (Fritzsche & Struve ) 

0. Chlorosmiamate of Lead. — PbCl,PbO, 0& 2 N0 i<2 —When a 
solution of chloride of lead, or of the nitrate mixed with hydrochloric 
acid is added to a solution of osmiamate of potash, a yellow ciystallmc 
precipitate is gradually formed, which appears to have the composition 
just given. (Fritzsche & Struve.) IT 


Osmium and Copper. 

Osmide of Copper. —Very malleable; easily soluble in aqua-regia; 
the solution gives off osmic acid when distilled (Tennant) 


Osmium and Mercury. 

A. Osmium-amalgam. —Aqueous osmic acid decomposed by mercury, 
yields a soft amalgam, which becomes more compact when the excess of 
mercury is removed by pressure. On distilling this amalgam, metallic 
osmium remains in the form of powder. (Tennant ) 

B. Osmiate of Mercury —Osmiate of lime forms a white pieci- 
pitate in solutions of mercury. (Tennant.) 

C. Protochloride of Osmium and Mercury— When osmic acid, 
dissolved in aqueous hydrochloric acid, is left in contact with mercury, 
reduction is set up, hut ceases after a •while, and the brownish liquid 
deposits, on evaporation, a transparent, shining, purple-red, amorphous 
salt, having a metallic taste. Iron or zinc immersed in its aqueous 
solution, precipitates nothing hut mercury, while protochloride of osmium, 
and iron, or protochloride of osmium and zinc, remains m solution. 
(Berzelius.) 

T D. Osmiamate of Mercurous Oxide — Light yellow precipitate, 
amorphous, and insoluble m water, does not explode when heated. 
(Fritzsche & Stiuve) 

E. Osmiamate of Mercuric Oxide. —Prismatic crystals, which 
decompose very quickly. (Fritzsche & Struve ) 


Osmium and Silver. 

Osmiamate of Silver-oxide.— 1 . Formed by dissolving osmic acid 
in an ammoniacal solution of a silver-salt, and then supersaturating with 
nitric acid. 2. By adding a silver-salt to an ammoniacal solution of 
osmic acid, previously mixed with excess of nitric acid .—3 By adding a 
silver-salt to a soluble osmiamate Lemon-yellow, crystalline powder, 
very slightly soluble in water and in cold nitric acid, moie soluble in 
ammonia, with which also it is capable of combining. When protected 
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from light, it may be dried in vacuo, over sulphuric acid, without black¬ 
ening, ultimately, however, it decomposes, and gives off osmic acid. 
At 80°, it decomposes suddenly, and with violent detonation, peicussion 
causes it to undergo a similar decomposition. A violent detonation is 
likewise observed when sulphuietted hydrogen is passed over the dried 
salt. Hot nitnc acid readily decomposes the salt, the liquid first 
acquires a biown colour, then gradually becomes colourless, and gives 
off osnnc acid. (Fntzsche & Stiuve ) 
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Osmium and Gold. 

Osmide op Gold. —Very malleable alloy, which behaves with aqua- 
regia, just like osmide of copper. (Tennant) 


Osmium and Iridium. 

A. Osmide op Iridium —Found native (p 254). —According to 
Berzelius, it consists partly of liOs, partly of IrOs 3 , partly of IiOs 4 .— 
But whatever maybe its propoitional composition, specific gravity, and 
behaviour m the alcohol flame, the crystalline foim remains the same, 
namely, that of Fig. 135 and 137 The prisms aie very much shortened* 
?* : p= 118°; r 5=152°. Cleavage parallel to p. According to this, 
iridium and osmium must he isomorphous. (G Rose, Fogg . 29, 452, 54, 
537.) This form has been previously described by Bournon. 

Osmide of iridium is extremely hard and brittle, has a specific gravity 
of 16*4—46'21, the colour of platinum, and generally a strong lustre. 
When heated in the air, it gives off osmic acid, with gieater facility m 
proportion as it is richer m osmium, and becomes dull. When ignited 
for some time with nitre, or with hydrate of potash and nitre, it gives off 
part of its osnnc acid, and forms osmiate of potash and the compound of 
sesquioxide of indium with potash According to Fischer (Fogg, 18, 
258), it is decomposed much more easily by nitrate of lime, the decom¬ 
position taking place, indeed, even at a low red heat. Aqua-regia has 
scarcely any action upon osmide of indium. To expel the osmium from 
a specimen of osmide of indium, and determine the amount of nidium, 
the mineral is ignited in a crucible, and a drop of oil of turpentine let 
fall on it fioni time to time by means of a platinum wue with a loop at 
the end, the crucible being covered after each addition of the turpentine, 
and then opened again from time to time. The oil reduces the oxidized 
metals with evolution of light and heat, and on opening the crucible, the 
charcoal burns and oxidizes together with the osmium, which, by fre¬ 
quent repetition of the process, may he completely expelled This 
process, however, is applicable only to IrOs 4 and IrOs 3 , not to IrOs. 
(Berzelius ) 

IT Fritzsche and Struve decompose osmide of indium by adding 
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3 parts of the mineral in its natural state (not pulverized,) to a mixture 
of 1 pt hydrate of potash and 1 pt. chlorate of potash, fused in a capa¬ 
cious iron crucible over a spirit-lamp The action commences as soon as 
the chlorate of potash begins to give off its oxygon, the mixture acquiring 
a yellowish brown colour, and frothing up so violently that it is necessary 
to reduce the heat. The fused mass then becomes very viscid, giving off 
large bubbles of oxygen, and the osmide of iridium, which at firat remains 
at the bottom, is then diffused throughout the whole mass, whereby tlio 
action is greatly facilitated. When this stage of the operation is attained, 
the action goes on without any further application of heat from without, 
and after a while, the mixture becomes nearly black and solid. Up to this 
point no fumes of osmic acid are evolved, but as the mass solidifies, that 
oempound is given off in small quantity, especially if the application of 
heat be continued. On treating the cooled mass with water, an orange- 
yellow solution is formed, containing osmium and ruthenium, and a 
bluish black precipitate containing nidiiim, easily separated from the 
undecomposed osmide of iridium This is the most convenient of all 
methods of decomposing osmide of iiidium, because it is almost entirely 
free from the annoyance and danger attending the evolution of osmic 
acid. The only inconvenience attending is, that the crucibles are always 
attacked; platinum ciucibles are attacked by the caustic potash, if a 
sih er vessel be used, cliloiide of silver is foimed, and mixes with the 
product; gold crucibles would be the best, if they were not too costly. 
On the whole, thepiocess is best perfoimed m iron crucibles, but the 
product is then always moie or less contaminated with oxide of iron. 
(J. p)\ Cfiem. 37, 483, H. Rose’s Anohjt Cherru II 241). IT 

The ciystals examined by G Rose weie as follows 

a. From Newiansk. Of specific giavity 19*386, and the hardness of 
quartz, tin-white; does not alter or emit any odour of osmium when 
heated upon charcoal before the blowpipe; when fused with nitie, it 
smells faintly of osmium, does not dissolve in fused microcosmic salt or 
in aqua-regia. 

h Fiom Nischne Tagil Of specific giavity 21 11S, and of the 
hardness of quartz, lead-grey, when heated upon charcoal befoie the 
blow'pipe, it loses its lustre, blackens slightly, and diffuses a penetiating 
odoui of osmium; when held by a pair of platinum foiceps m an alcohol 
flame, it rendeis the flame luminous, and colours it yellowish red. 

Berzelius (Fogg. 32,232) distinguishes the following vaiieties of osmide 
of iridium. 

a Brazilian . Small, irregular grains, which look as if they were 
corroded, and are sometimes fiat, smooth, white, and shining, with a 
specific gravity of 16 445 (or 19 5, according to Wollaston). 

h. Sibei'ian. Often constitutes the principal part of platinum-ore, 
especially of that from Katharinenburg, Slatoust, and Kischtin.—a. Re¬ 
sembles the Brazilian; fc p. gr. fiom 18 645 to 19*25—/3. The most 
common variety. Its composition is about IrOs. Flat, smooth, shining 
laminse, which scratch glass, and make an impression upon a steel plate, 
when broken npon It; sp gr. 19 25. When ignited in a platinum spoon, 
they produce only a momentary luminosity m the alcohol flame (p. 409). 
—y. Crystallized; partly IrOs 3 , partly IiOs 4 , intermixed in separate 
granules. When heated to redness in a platinum spoon, it gives off a 
very large quantity of osmic acid, acquiring, in consequence, a burnt 
aspect and a darker colour. These grains, consisting of IrOs 4 , decom¬ 
pose, when heated in the air, much more quickly than those which consist 
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of IrOs 3 , although they previously exhibit no difference in aspect or in 
colour.^—Since, according to Gustav. Rose, the crystals which are richer 
in osmium have the specific gravity 21*118, and consequently the osmide 
of iridium is specifically heavier in proportion as it contains moie 
osmium, it would appear that osmium in the compact state is denser than 
iridium. So far Berzelius. 
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Many varieties of osmide of iridium contain small quantities of gold. 
(Wohler.) 

According to Tennant, osmide of iridium may be fused with bismuth, 
zinc, tm, lead, copper, silver, and gold —No definite compound is theieby 
pioduced, but the grains of osmide of indium are merely enveloped by 
the other metal, and remain unalteied, when that metal is dissolved 
in acids (Berzelius)—Wohler (Ann PJiaim . SO, 336) found osmide 
of iridium in gold which had been woiked.—Accoiding to Faraday 
and Stodart (Ami. Clnm . Phys 21, 73), 1 part of osmide of indium 
forms with 33 3 paits of iron, a bluish mixture, which, though it contains 
no carbon, may be hardened to a certain extent like steel, and lusts much 
less quickly than that substance.—Osmide of indium appeals capable of 
uniting by fusion with steel in all pioportions. 

B. Compound of the Sesquioxides of Iron and Chromium with 
the Protoxides of Iridium and Osmium. — Irite *—Found m the na¬ 
tive platinum of the Ural, often filling up the interstices between the 
separate grains m large masses of platma —Remains behind, when 
platina of this description is digested in aqua-regia, mixed with titani- 
ferous iron, chrome-iron oio, and hyacinths, and, m consequence of its 
gieater levity, may be separated from these minerals by levigation. Soft, 
strongly lustrous, black, graphitic scales, having a density of 6*056, and 
attracted by the magnet. Completely decomposed when mixed with 
chloride of potassium and ignited m a current of chlorine gas, whereby a 
dark brown powder is obtained, perfectly soluble m water, and foiming 
a red solution. This solution, vhen diluted, deposits reddish-black octo- 
bedrons of chloiosmiato of potassium and sesquicbloride of chromium. 
By fusion with nitie, it is oxidized with evolution of osnuc acid. It does 
not dissolve in any acid. (Hermann, J jpr. Ghem 23, 276.) 
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b is Hermann's analysis as given by himself, in a, the sesquioxide 
of iridium assumed to exist in the inmeial by Hermann, is reckoned as 
protoxide, and his protoxide of iron as sesquioxide, to make the analysis 
accord with the preceding foimula According to this, tho formula 
should be 2(IiO, OsO), (Fe 2 0 3 , Cr 2 0 3 ), or moio exactly* 2lrO, Fe^O 3 -}- 
2(|IiO,~OsO) Ct 2 0 5 This supposed constitution, however, is lriecou- 
eilablo with the magnetism of tho mte, unless that property bo due to 
the admixed chrome-iron ore—The formula given by Hcimann is. 
OsO, 3lr 3 0 J + 4Fc0, 3Cr0 3 , that of Berzelius ( Jahresber . 22,191) is: 
FeO, 3li 2 0 3 + Fe0, 0s0 2 + 3(Fe0, Cr 2 0 3 ). 
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To page 86.— Action of Acids and Acid Salts on Infusible White 
Precipitate. —1 When this compound is boiled with water mixed with 
a sufficient quantity of acid to dissolve it, the solution yields on evapo¬ 
ration white laminar crystals, having the composition,— 

2(HgO,SO') + }SrH 4 Cl + HgCl, 

and the mother-liquor contains sulphate of ammonia and sulphate of 
mercuric oxide. Ether dissolves out protochloride of mercury from the 
crystals ; water colours them yellow, and forms a basic salt 

2 Water strongly acidulated with nitric acid, acts but slightly upon 
white precipitate m the cold, but dissolves it when heated The solu¬ 
tion, when evaporated, first yields an abur dance of white, laminar, silvery 
crystals, having the composition,— 

4HgCl + NH i 0,N0 5 , 

they are insoluble m water, and, when digested in' ether, give up to that 
liquid a large quantity of protochloride of mercury, on fuither evapora¬ 
tion, the mother-liquor yields small, metallic-looking, oblique prisms, 
which appear to be a mixture of protochloride of mercury with a largo 
quantity of nitrate of mercuric oxide and ammonia 

8. Equal parts of white precipitate, chloride of ammonium, and 
hydrochlouc acid, heated with 15 parts of water, form a solution, which, 
on evaporation, fiist yields crystals of chloride of sodium, and after¬ 
wards metallic-looking, four-sided larnmas, soluble m water, and con¬ 
sisting of,— 

4HgCl + NH *C1 + 4NaCl. 

4. White precipitate boiled with twice its weight of binoxalate of 
potash, and a sufficient quantity of water, leaves an insoluble residue of 
mercurous oxalate, the decomposition being attended with evolution of 
carbonic acid, the solution, when exposed to the direct rays of the sun, 
yields a precipitate of calomel 

5. White precipitate boiled with three times its weight of cream of 
tartar, and a sufficient quantity of water, liberates carbonic acid, and 
forms a solution, which, when evaporated, yields a succession of crystal¬ 
line salts, differing from one another m appearance, and not yet satis¬ 
factorily examined 

6 . White precipitate boiled with acetic acid, also gives rise to evolu¬ 
tion of carbonic acid and precipitation of calomel. The solution, when 
evaporated, yields yellow crystalline crusts, which soon blacken on ex¬ 
posure to light, and contain 72*9 per cent, of mercury and 33 0 chlo¬ 
rine; they appear to he a sexbasic acetate of merew ic aniido-chloride -f 12 
At. water 

7. White precipitate foims, with sulphate of quinine and very dilute 
sulphuric acid, a solution yielding indistinct crystals, which, after recrys- 
tallization from alcohol, appear to be composed of, 

12S0 3 + 6 quinine + 2SO* 5 + HgO,NH 4 0 4- HgCl 

(Kosmann, JSf J. Pharm. 34, ,321; J. pr. Ghcm 46, 81; abstr, 
Jakresbericht , L K, 1847—8, 448.) 
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To page 142.— Precipitation of Silver in the Metallic State. —For 
separating silver in tlie metallic state from its solution (containing ieacl 
or copper), Kessler recommends the use of acetate of ferrous oxide, 
which piecipitates the silver completely, whereas green vitriol does not. 
The solution must be as free as possible from excess of acid, and largely 
diluted with watei {N. J Pharm 11, 86, Jahresb. 1847—8, 449 )— 
According to Mohr {Ann Pharm. 66, 65), when a puie silver-solution is 
treated m the cold with feirous acetate, a dazzling white precipitate of 
silver-acetate is first formed, but is quickly converted into metallic silver, 
the reduction beginning in isolated black points, and rapidly spieadmg 
throughout the whole mass. From solutions containing copper and fiee 
nitric acid, metallic silver separates at once. 

To pp. 135 and 165— Reduction of Chloride of Silver. —According 
to Mohr {Ann. Pharm . 66, 65), the best of all reagents for this pmpose 
is metallic zinc. With legard to Gregory’s method of conveiting the 
chloride of silver into oxide, by boiling with strong potasli-ley, Mohr 
observes, that pait of the chloride of silver is apt to cake together, and 
thereby escape decomposition, and that the process succeeds best when 
the chloride of silver is previously levigated with watei, and added 
to the potash-solution at a boiling heat. With lcspect to Levol’s 
method of boiling clilonde of silter with potasli-ley and sugar, Mohr 
finds that complete decomposition is thereby obtained, and that the 
i educed silver cakes together m dense masses, from which the liquid is 
easily decanted. 


To page 165— Decomposition of Chloride of Silver by Metallic Sul- 
pthides and Arsenides. —According to Malaguti and Durocher ( Compt . 
lend. 25, 160), many metallic sulphides and arsenides have the power of 
decomposing chloride of silver, with comparative quickness when that 
compound is m the state of solution, more slovly by meie contact. 


100 parts ZnS decompose 3 parts AgCl. 
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and 100 parts of arsenide of cobalt decompose 166 chloride of silver. 
The same compounds m the form of minerals, fiom various localities, 
frequently exhibited very different degrees of decomposing power. 
Bromide of silver was decomposed to a certain extent by tlie same 
compounds; iodide of silver, not at all. 


To page 166.— Solubility of Chloride of Silver in Hydrochloric Acid. 
—According to Pierre {N. J. Pharm. 12, 237), 1 part of chloride of 
silver dissolves in 200 parts of strong hydrochloric acid, and m 600 
parts of the same acid diluted with twice its weight of water. 
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REPORT 


THE FOURTH ANNIVERSARY MEETING 

CAVENDISH SOCIETY. 


The Anniversaiy Meeting of the Cavendish Society foi the yeai 
1851 was held at No 19, Montague Stieet, Itussell Squaie, on 
Saturday, the 1st of March, at three o’clock in the afternoon. 

The Chaii was taken by Thom vs Graham, Esq, F.RS, 
President, who called upon the Secretaiy to lead 

THE REPORT OF THE COUNCIL. 

ec In their last Annual Report the Council lefened with satis¬ 
faction to the piogressive advancement of the Society, as indicated 
by the increasing number of its Members; and they expiessed 
a hope that a similar extension would be effected during the 
year which then commenced Such an extension seemed to be 
required in older to place the Society upon a safe and peimanent 
basis, and to insuie the complete i ealization of its objects. Con¬ 
sidering the gieatly increased extent to which the science of 
Chemistry has been cultivated in this country within the last few 
yeais, as compared with former times, it was thought that a con¬ 
siderable accession of Members might be obtained, and it was 
confidently anticipated, as the published woiks of the Society 
became better known, that the advantages lesultmg from such an 
Association would he moie amply and adequately appreciated. 



44 The Council, on reviewing the results of the past year’s opera¬ 
tions, see no cause for discouragement, although they must admit 
that all that they desiiecl has not been fully attained. The number 
of Membeis has undeigone a slow but constantly occuning aug¬ 
mentation, and if the aggregate numbci be still not so great as it 
is desirable it should be, there is, neveitheless, eveiy reason to 
believe that the limit to further extension has not been leached 
44 A reference to the financial statements of foimei yeais will 
show the annual piogiess which has been made by the Society. 
Thus, in March 1849, 556 Members had paid the subscription for 
the year 1848, and theie were besides about 100 from whom the 
subscription liad not been received, making the numbei of Members 
656 In Maich 1850, the number of Subsenbcis foi 1848 had 
been augmented to 791, some of whom, howevei, had pieviously 
letned; and the numbeis foi 1849 were 694 who had paid, and 56 
whose subscriptions weie due, making the number of Membeis at 
that time 750. During the past yeai, an mcieasc has been effected 
to about the same extent as that which occmied m the preceding 
year, the Subscribers for 1848 having been augmented to 885, and 
those for 1849 to 854. This last number may be consideied to 
represent the extent of the Society at the present time 

44 The Members have received the fourth and fifth volumes of 
Gmelin s 6 Handbook of Chemistry’ foi the past year, and the 
Council have pleasuie m announcing that Dk Wilson’s work on 
Cavendish is now leady, and will be immediately distributed to the 
Subscribers of 1849 It was thought desirable to piocecd with as 
little delay as possible m bringing out the foimei of these woiks, 
of which there remains hut one more volume to complete the 
Inorganic pait, and this the Membeis wall receive m the course of 
the present year. The delay that has attended the publication of 
the 4 Life of Cavendish, 3 although unavoidable, was regretted by 
the Council, but they believe it has been moie than compensated 
for by the large amount of interesting matter which the author 
was enabled to collect whilst seeking for some of the details of the 
biography without which he was unwilling to send his work before 
the public. The characteristic portrait of Cavendish, which foi ms 
the frontispiece to the book, has been, obtained through the in¬ 
strumentality of a Member of the Society, Mr. Tomlinson. It is 



copied from a drawing, by Alexander, in the prffit-ioom of the 
Butish Museum, and is considered, by those who knew tbe phi¬ 
losopher, to be a good and staking likeness. These accessions of 
matter have not only enhanced the value of the woik as a literary 
production, they have also added to the expenses of publication, 
a lesult which makes it necessaiy to limit the works issued for 
1850 to the two volumes of Gmelin's Chemistiy, now in the hands 
of Membeis. 

“ There aie seveial woiks in couise of pieparation, to be 
published m this or succeeding yeais 

“ The first volume of the translation of Lehmann’s Physiological 
Chemistiy, by Di Day, is now in the hands of the printer, and this 
will be the first of the books to be issued foi 1351. It will be 
followed by the sixth volume of Gmelm’s Chemistiy, which will 
conclude the Inoiganic pait of this woik. The Oiganic part will 
then be immediately proceeded with* 

“ The tianslation of the Essays of Saussure is prepaied, and the 
abstracts of the woiks of Hales, Ingenhousz, Sennebier, ‘Wiegmann, 
and othei contemporaneous vnteis on the chemistiy of vegetation, 
aie neaily completed 

“Some of the Membeis have expressed a desne that the trans¬ 
lation of Bischof s Elements of Chemical and Physical Geology, 
which is among the woiks pioposed for publication by the Society, 
should be commenced at an early period, but the Council have not 
hitherto found it practicable to make anangements to this effect 
without ictaiding the completion of books previously undei- 
taken 

“ It has been suggested to the Council, that a valuable woik, 
for the use of practical chemists, might be prepared thi ough the 
co-operation of the Membeis of this Society Most men engaged 
in scientific investigations, have occasion to refer to tables for 
facilitating the calculation of results; yet there is no work extant 
in which there is a good and complete collection of such as 
relate to all the different departments of applied chemistry. It is 
proposed that the publication of a woik, to be entitled ‘ Chemical 
foimulce, and constants, for use m the Laboratory,’ be undei taken 
by the Society; and should this proposition be favourably received 



by the Members, and a prospect affoided of the means of obtaining 
the required matter, the Council will be prepared to carry it into 
effect 

4 The fiibt of the Society’s publications, the volume of Chemical 
Reports and Memons, edited by Professoi Graham, being out of 
piint, those who now join the Society, and desiie to obtain the 
whole of Gmelm's Chemistiy, aie supplied with the first volume on 
payment of half the subscuption for 1848 In anticipation of a 
continued demand, by new membeis of the Society, for all the 
volumes of Gmelin’s standaid voik, alaiger number was printed 
than was immediately requiied, and copies still remain on 
hand 

“ The Council tiust that the interest evinced in the objects of the 
Association has been justified by the lesults of its opeiations, and 
that the exertions made for extending the limits of the Society, will 
not be relaxed until it has reached the point originally contem¬ 
plated, and which is now so neaily approached ” 


* Tlie Council will be glad to receive communications on this subject 
addressed to the Secretary, from membeis who maybe able to afford assist¬ 
ance by supplying or suggesting imittei for the pioposed woik. 
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and resolve a, 

66 That the Report just react do 

The Meeting then proceeded to the election of Officers for the 
ensuing year, and the following were declared to have been duly 
elected* 


Professor Graham, F.RS. 

Arthur Aikin, FGS Michael Faraday, DCL ) FJR.S, 

Professor Brande, FRS J. P. Gassiot, FRS 

Eael of Burlington, F RS Sir R. £ Kane, MD, F R S. 

Sib James Clark, M D , F R S W A Miller, M D ,F R S 

Professor T Clark, M D Richard Phillips, F,R S 

Walter Crum, F R S. Professor Wheatstone, F.R.S 

Cauiutl. 

Jonathan Pereira, M D , F R S. 
R Porrett, F.RS 
R H Semple, ID 
W Sharpey, MD, FRS 
Alfred S Taylor, MD, FES, 
Charles Tomlinson, Esq 
Robert Waeington, F C S 
A W Williamson, Ph D, F.C S. 

Henry Beaumont Leeson, M D, F,R S, St ThoiWb Hospital, 


Jacob Bell, M P, F L S 
Golding Bird, MD, FRS 
Warren de la Rue, F.R S 
W Ferguson, FCS 
J- J Griffin, FCS 
A W Hofmann, Ph D, F R S 
G D Lo^gstaff, MD, F C.S 
T K E Morson, F L.S 


Jfr>ccr£tarju 

Theophilus Redwood, Esq , 19, Montague Street, Russell Square. 


It was moved by Dr. Semple, seconded by Mi, T. Hubbtjok, 
and resolved, 

“ That Dr. Basham, J E. Bowman, Esq, and Percival 
Johnson, Esq , be appointed Auditors for the ensuing year ” 



The following Resolutions were then proposed and unanimously 
adopted *— 

Moved by Mr. Button", seconded by Mr. Maitland, 

“ That the thanks of the Meeting be given to the Pre¬ 
sident, Treasurer, and Council, for their services to the 
Society.” 

Moved by Mr. Warren de la R-ue, seconded by Mr. Jacob 
Bell, 

iC That the thanks of the Meeting be given to the Honorary 
Local Secretaries for their services to the Society.” 

The Meeting was then adjourned. 


THEOPHILUS REDWOOD, Secretary, 

19, Montague Street, Russell Square. 


March 1st, 1851 




CAVENDISH SOCIETY. 


IBxzSitStnt. 

Professor Graham, FRS. 


Arthur Aikin, FG.S. 
Professor Brande, F.R S. 

Earl of Burlington, F.R S. 
Sir James Clark, MD., FR.S. 
Professor T. Clark, M.D 
Walter Crum, FRS. 


Jacob Bell, M.P., F L S. 
Golding Bird, M D , F.R S. 
Warren de la Rue, FRS. 

W Ferguson, F C S 
J. J. Griffin, F C.S. 

A. W. Hofmann, Ph.D., FRS 
G. D. Longstaff, M D , F.C.S. 
T. N. R. Morson, F.L.S. 


Michael Far ad ay, DCL,F R.S. 
J P Gassiot, FRS 
Sir R. Kane, M D , F.R.S 
W. A. Miller, M D., F.R.S 
Richard Phillips, FR.S. 
Professor Wheatstone, F.R.S. 

Cmtimt. 

Jonathan Pereira, M D., F.R.S. 
R. Porrett, F R S. 

R H Semple, M D. 

W. Sharpen, M D , F.R S 
Alfred S Taylor, M D , F R.S. 
Charles Tomlinson, Esa. 

Robert Warington, F.C.S. 

A. W. Williamson, Ph.D., F.C.S. 


Henry Beaumont Leeson, MD, FRS, St. Thomas’s Hospital. 

Theofhilus Redwood, Esa , 19, Montague Street, Russell Square. 


The Cavendish Society was instituted for tlie promotion of Che¬ 
mistry and its allied sciences, by the diffusion of the literature of 
these subjects. The Society effects its object by the translation of 
recent works and papeis of merit; by the publication of yaluable 
original works which w r ould not otheiwise be printed, from the 
slender chance of their meeting with a remunerative sale; and by 
the occasional repubhcation or translation of such ancient or earlier 
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Members of tbe ^ * 4 ""— 

the Society are conducted by txm _ 

are elected by ballot at a General Meeting oi u*.„ 

the 1st of March of each year. 

Members aie admitted on application to the General or Local 
Secietaries, and contribute an Annual Subscription of one guinea, 
which entitles them to a copy of every woik published by the 
Society for the period during which their membership continues. 
The number of works thus published will necessarily depend on the 
number of subscriptions, but will not be less than two octavo 
volumes for each year. These w r orks aie handsomely printed, on a 
uniform plan, for Members only. 

The following aie the books issued for the years specified.— 

1848. 

1.—CHEMICAL REPORTS AND MEMOIRS. Edited by Thomas 
Graham, E R S (Out fii Print.) 

% —HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Trans¬ 
lated by Henry Watts, B A, F.C S. Vol. I. 

1849. 

3. —HAND-BOOK OF CHEMISTRY By Leopold Gmelin Yol II. 

4. —HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. III. 

5. —THE LIFE AND WORKS OF CAVENDISH. By Dr. George 

Wilson. 

1850. 

6—HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. IV. 

7. —HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. Y. 

1851 

8. —PHYSIOLOGICAL CHEMISTRY. By Professor Lehmann. 

Translated by George E Day, M D, F R S Yol. I. 

9. —HAND-BOOK OF CHEMISTRY, By Leopold Gmelin. Yol VI. 

The sixth volume of Gmelin’s Hand-Book of Chemistry, which 
will be ready by the end of the present year (1851), concludes the 
Inorganic part of this work. The part relating to Organic Che¬ 
mistry will be immediately proceeded with. 
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supplied -with, the fiist volume on payment of half the subscription 
for 1848. In anticipation of a continued demand, by new mem- 
beis of the Society, for all the volumes of Gmelin’s standard work, 
a larger number was printed than was immediately lequued, and 
copies still remain on hand 

Among the woiks which are either now in pi ogress, or for the 
publication of which anangements aie being made, are— 

The second and third volumes of Lehmann’s Physiological 
Chemistry, translated by Dr. Day. 

The Hand-Book of Chemistry, by Leopold Gmelin. (Oiganic 
Chemistry) 

Bischof’s Elements of Chemical and Physical Geology. 

The Essays of Satjssttbe, together with abstracts of the works 
of Halls, Ixge^hotjsz, Sennebier, Wiegmann, and othei con¬ 
temporaneous writers on the Chemistiy of Vegetation. 

As the Council have no other available means of meeting the lia¬ 
bilities ineuned m pieparmg and publishing the works undertaken 
by them than those afforded by the subscuptions of the Members, 
it is necessary to make the subscription payable in advance, and to 
restuct the issue of books to those members only whose subscrip¬ 
tions have been paid for the year for which such books are issued, 
in accoidance with the original laws of the Society Any devia¬ 
tion fiom this regulation would involve a complication of accounts, 
which would greatly increase the expenses of management. 

The Council do not undertake to defray the expense of convey¬ 
ing books to those Membeis not xesident m the Metropolis, except¬ 
ing wheie several volumes can be sent togethei m a paicel; and 
even m those cases it is hoped that Membeis will piomote an 
economical arrangement, whenever piacticable, by having the 
books sent m booksellers’ parcels, or otherwise, free of charge. 


*** It is requested that all communications and remittances he 
either addiessed directly to the Secietary in London, or forwarded 
thiough the Local Secretaues 



f^onorarg Hocal Sbmetams. 


Aberdeen —Dr, E Battiay. 

Banbury— Thomas Beesley, Esq. 

Baik —J P Tylee, Esq 
Beetles —W E Ci o\\ foot, Esq 
Bedford —W Blower, Esq 
Belfast —Dr J E Hodges. 
Birmingham —George Shaw, Esq 
Bodmin —D E Tyeiman, Esq 
Bolton —H H, Watson, Esq 
Brighton —E Busse, Esq 
Bristol —Wm Heiapath, Esq 

Cambrulc/e —W r H Miller, Esq , 

M A , E E S 

Carlisle —Di. H Lonsdale 
Chester —E, D Grmdley, Esq 
Clifton —G E Sehaclit, Esq 
Colchester —Di Williams 
Corl —Thomas Jennings, Esq 
Coventry —Francis Wyley, Esq 
Derby— Di A J Bernays 
Dublin —-Dr J Apjohn. 

Dudley —E Holliei, Esq 
Dumfries —W. A E. Browne, Esq 
Durham —William Claik, Esq 
Edinbur gh —Dr Geo Wilson, E E S E 
Exeter —George Coopei, Esq 
Burnham —W Newnham, Esq. 
Galway —Dr Edmond Eonalds 
Glasgow —Walter Cmm, Esq , FES 
Gloucester —Thomas Hicks, Esq. 
Gosport —Dr W Lindsay, E 1ST 
Guernsey —Dr E. TIoskms, EES 
Halifax— John W Gaihek, M D 
Helstone —G. W Moyle, Esq 


Hexham —John "Nicholson, Esq 
Horsham —E Snell mg, Esq 
Hull —J L Seaton, Esq 
Leamington —S A Sandall, Esq 
Leeds —W S Ward, Esq 
Leicester —J H Stallaid, Esq 
( Di J Dickinson 


Liverpool- - j . 


Manchester - 


\ J B, Edwaids, Esq 
Llandilo —B Morgan, Esq. 
Madras— Mayer, Esq. 

Maidstone —David Walker, Esq 

jJohn Giaham, Esq. 
(James Young, Esq. 
Newcastle-on-Tyne —E S Gilpin, 
Esq 

JSfewpor t (Monmouthshire )—Ebene- 
zci Eogcis, Esq 

Norwich —Edwaid Arnold, Esq 
Nottingham —Di Thos Wnght 
Oxfor d —N evil Stoiy Maskely ne, Esq. 
Plymouth— J Pndeaux, Esq 
Portsmouth —W J Hay, Esq. 

St Andreio’s —Dr G E. Day, EES. 

St Helen's (Lane ) —James Shanks, 
Esq 

Sheffield —James Haywood, Esq 
Southampton —W B. Eandall, Esq 

Stoclhulge —Geoige Edmondson, 
Esq 

Swansea —Ebenezer Pcaise, Esq 
Whitehaven— John B Wilson, Esq. 
Winchester —G Gunner, Esq. 
Wolverhampton— B Walker, Esq 
Worcester —W. Peirms, Esq. 

Tori'— W G Proctei, Esq. 


UNITED STATES. 

New Tori —Henry Bailliere, Esq ,290 Bioadway 
Philadelphia —William Piocterjjiin , Esq 
Cambridge —John Bartlett, Esq 


Harrison am> Son, Printers, St Martin’s Lank. 





